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INTRODUCTION 

. ;/ n,c . t ,rodu ction of nitric add from .nitre and sulphuric acid* was 

‘car mid outon a very larg« scale during the war. 

^Two factoiies alone, Queens terry and (jjfetna^ were a£>le toJurn 

• out anout i.joo tons of nitric acid per week. 

A^5in, flip scarcity «f experienced staff and workpeople along with 
•the incessant demand for output caused many difficulties in the eafly 
daj«i. The “conditions for working the plants to the best, advantage, 
however, »were carefully studied and investigated;' and soon the staff tyjd 
workers became more expert and were able to conduct the operations 
w Hh .greater care and knowledge until excellent result.^ were steadily ’ 
obtained at nearly all the factories. * « 

A description is given of the plant at Gretna and of iis operation* 
when all was running smoothly, then follow reports of syme special 
trials and investigations which were of the greatest help to all coiicgraad. 

• ^ * 1C rccover y n itnc acid from the spent acid from the manufacture 

of flitrocotton by distillation is also described. c , 

. Finally> lIlK recovery of nitre from the bags by washing is treated. 
This is important on account of the value of the nitre recovered a5Td**lso 
as, a means of diminishing the fire risk from bags impregnated with 
nitre, since several serious fires occurred from sparks alighting on unwasKed 
nitre bags. 




DESCRIPTION OF PLANV AND PROCESS FOR MANUFACTURE OF 
NITRIC ACID BY R^TORfc. PROCESS* 

GeLiral outline. — Sodium nitrate (nitre) and sulpliyno acid 1 tire 
lusated in retorts by means of producer gas. Nitric acid is dlstHlqd off* 
condensed and collector^ leaving a residue -of nitre caKc, which »is 
ultimately run out*of the retorts and collected. 

i 

« 

l)KSCKIPTION OK BUILDINGS tlNl) PLANT 

• 

! Nitre stores, ^hree t stone-built sheds, each 212 feet x *5 feet 
wide x 24 feet high (to eaves), with concrete floors and corkigated' 
iron roofs, art* provided. Kadi shed has a wording capacity of 54)00 tons. 
Nitre stocks are brought into the sheds by railway wagops oiv elevated 
standard rail gauge* (4 feet Si inches) tracks (two to cadi shed) built 
on stone*' ’piers. The nitre is dumped out of its containing bags on to 
the floor of the shed. Running along the* floor e>f each shed are tlireej. 
sets erf 18 inch gauge bogie tracks to provide a means erf trucking the 
nitre to the drying machine and to the* retort houses. The floors of the 
sheds ares’ drained le) small sumps, whence li<|ue>rs can be* recovered and 
transferred to the* bag-washing plant for evaporation. 

Cummer drier.- Fig. 1 shews the general arrangement anel setting 
details of the Cummer nitre* drier, two erf which are installed. 

> TJie elrier consists of a cylindrical steel tube, 27 feet k>ng x <54 Inches 
*cMmcter, set at an inclination erf J inch in 12 inches towards the discharge 
end.. The lower e>r discharge end is fitted with a cast-iron trupniun 
runniiVg in a* hearing whilst the upper or fe*e*d e*nd is fitte*d with a cast- 
in >p ring supported on two cast-iron rollers. A third roller bearing on 
the back erf the* ring servos te> take the* thrust due* te> the inclination 
of the*, tube. 

* The front end of the* tube: is tilted with a spur ring driven by gearing 
and belt from a countershaft earned on te>p of the setting. This drivirg 
mechanism serves to rotate the tube at a speed ol six revolutions per 
minute. 

T he tube is set in a brickwork chamber as shown, the covering / 
consisting of /ire- bricks laid on transverse inch x 3 inch x , 5 0 inch 
tees. At the dVHiarge end of the drier a chute is built into the brickwork 
through which the dry 4 nitre is discharged. The drier is coal-fircd, being 
fitted with, an automatic stoker driven from the above-mentioned 
‘countershaft, the combustion chamber being built out in front of the" 
drier. The gases resulting from the combustion of -.the fuel pass' into 
l the brick chamber in whicJJ the drying tube is housed, and thence enter 
* tlje discharge end of the tube passing over the nitre in the tube and out 
at tht*‘ upper end of the tube. Ori y a sinall proportion of the gas is 

-4-* i - -- --- v - „ ‘ ^ 

* Thc t following descriptions refer more particularly to the plant at Gretna. 
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circulated around outside ofrihe tube, a fire-fticl^arch with perfora- 
tions.in the*cro|im bfing built imder the tube for the greater part <ef its* 
ldhgth, . thus ceiling tnVmaj or* portion of the heat to*be transferred 
dir^tly #o the nitre in the tulfe. The gas leaving th$ drier contains 
a proportion of nitre in the form o^dust, ancles therefore passed through 
a duppchamber, th% eonsistirig of a brick chamber about 12 feet >^4 feet 

* X X7»ieet tiigh* divided* 1 ntt>, tjbf by a central vertical division wall, 
thesis entering at the top of one division, passing down same and-ffntering 
the qther division by an opening in the bottom of the division wall* and 
thence out of& 3 foot diameter stack erected oft top of the chamber. The 
tube is put under 2. slight suction by means of a fan rotating in the 

^gas pipe qf its entrance to the dust chamber, the fan being driven* by 
‘belt ~rom th^main countcrsliaft. 

^ , ijie furnace i« provided with an additional* chimney, 18 inches* in • 
»diametar, with a damper and steam jet at the ‘bottom for starting*up 
and regulating Durpo*s. 

must be taken in building the firebrick arch below 
the tube, the bricks being rubbed to a good bearing and laid dry. 

The wet«nitre is brought into the drier house from the nitre store 
in hopper bottomed buckets by means of an overhead runway and is 
%dischargdfT frflm the bucket into a feed hopper, the feeder jiortion jpf 

* which is below |loor level in order that the bucket can run straight in 
•withou^being noisted. The feeder discharges the nitre into the boot 
.of a woolen-cased elevator which elevates the nitre into a*chwte leading 
into the drier itself. 

The nitre then passes through the drier eomiug in direct contact 
, with.the fire gases, and is delivered dry into the boot of a secqpd vertical 

* elevator jjia.de with a steel casing. 

This elevator lifts the dried nitre up to a sufficient height to discharge 
■ infcn^Jie'fhntrc of a circular storage bin. 

The bin is 16 feet diameter inside, having a capacity Cf 70. tftns of 
nitre, and is built of brick in cement reinforced by circumferentiaftension 
*hoops. The bottom of the bin is built with a conical bottom to faoiU^t^ 
discharge. 

The runway bringing nitre into the drier house is connected up to. 
taking it out of the house, so that the wet nitre may be taken direct 
to^he Retort house should the drier be laid off for repairs. 

The flbor of the drier house is of conci ete. ~ 

Each drier is capable of drying 80 tons of nitre per 24 hours, redyeing 
k tne moisture from 2-5 to o • 5 per cent. 

The following figures are taken from reports : — 

• Fuel consumption (coke) per ton nitre haiMled =0-014 ton. 

• Wel.nitre, moisture - • - <*= 2 • 5^>er cent. 

, «^ry nitre, moisture .... =0-5 per cent. 

There is a tendency for the drrnn or df^ing chamber to get caked 
jyith hard fiitre. This js more pronclinced in wet weather. Tlfe remedj 
is to ran through, .say, -once daily, fto or 30 iron balls — eight-fsaad aid 
fainted. This treatment,gerieralty oemeves the bulk of the scaJ^. 
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The bottom ?f tile storage bin ia#fitte<jl \iftth / ix discharge chut'es 

1 feot square, which, when open, deliver the <ubje injto .bfogfes. Each 1 

^bogie passes elver a weigh-bridge, and* flier entente adjusted until 
r id cwt. dry nifre are in the wagon. *This then taken to the retort 
house and raised by meapS of an^efectric lift to the retorts' charging 
platform. ' / f 

• Two electrical lifts are provid^I/ one at the end of reach Jiouse.** 

Each fer driven by a 12 h.p. motor, and lifts a net load /A to cwt. • To 
avoid 'corrosion the electric controls are placed in a separate sbe^, opt 
of the way of acid fumes/ •* 

The bogies containing the nitre run on a track on the changing 
platform. The nitre is tipped into a movable chute fitting ink) the 
man-hole of the retort, into which it is raked. # * 

* Sulphuric acid storage and feed tanks.- -Two 9 font x 30 fooHboil^r 
tafiks, elevated onjbrick piers, are provided for the storage of sulphuric 
acid. From these tanks the acid flows by gravity info the retort'housek 
arid communicates with the sulphuric acid fc^d tanl'u, o n/ ‘ of # which is 
TLttached to eacJi retort. 

These feed tanks are mild steel cylindrical tanks 53 inches deep 
X 51 inches diameter, and conveniently hold 2 tons of sulphuric acid. 
Each is provided with a lid, gauge glass, and inlet and outlet valvety 
From experience it has been decided that, the gauge glasses fittings 
are too small and the gauge glasses are not reliable. All b.nks are 
dipped before and after use, 1 inch of acid being equal to 0*039 t ( ms 
cent, sulphuric acid. The tank has a sloping bottom to the 
outlet valve. Each tank is elevated and sits on brickwork standing 
30 inches, high. T he whole sits on a leaden tray 0 feet x 0 feet x 

2 inches, .with a 1 inch diameter exit hole which connects ^ to a lead 
kiimcifer 4 inches X 4 inches, and in turn connects to the drain.' The 
outlet from the sulphuric acid measuring tanks is by a 2 inch h • yy>i\ 
which .com feet s to a permanent feed pipe fitted up to the retoU lid. 
This feed pipe is of cast iron and is flanged to the lead delivery pipe from 

tank. Connection into the retort is made by a T -piece, which is 
provided with a blank flange for cleaning purposes. 
t In order to do away with the errors occurring in dipping these tanks, 
an improved method has been developed. The same tank was used. 
A hole was cut in the side, about _| feet 3 inches from the bottom of the 
tank,' and an overflow pipe was inserted. Next an iron plunger was 
picked inside, connected with a pulley and chain to which was attached 
a pointer' 'vjiacent to a scale. When the tank was to be used it was 
filled up to overflowing, and, according to the strength of acid and nitrate 
content of the nitre^ the plunger inside the tank was adjusted by means 
of the scirav. T^ris gave a definite t volumc of acid for each charge gf 
^ nitrate. This style of tank does very well, and when in use can 
depended upon to give nitre cakes of even acidities. 

Nitric acid 'retorts. — Tin? retortsi arc contained in two houses each 
holding 24 retorts. They are buiV in each house in sets of three, tjje 
brickwork settings of these batteries being ' separated by 'passages 
i feet £ inches wide. 
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Ffg- 3 shows 'tfie detail ofH&ie retort setting. 

A {aft'of%;oq£n*^*is laid down sufficiently long to take a bank/Sf 
three retqrts*and of suitable* thickness depending on the nature of Jli^ 
ground. • 

J * On. top of this the setting is built up a$ indicated. 

* It wjll be;s(*cn*from this drying that the gas in its course from the 
injdt to Jhe chimney culvert c Is* caused to sweep around tli^ retort in 
three complete turns and thence over the top of the retorf an<J, from 
•there into* .the downtake and thence to*the chimney culvert. The 
dfcwntake is 12 inches x q inches and the chimney culvert is a semi- 
arcji flue; 3 feet R 3 feet 6 inches high.# This flue is built tn ordinary 
brfck laftl in* cement, •and extends the full length of the building, a branch 
at%ts middle point being taken off to the chimney. Suitable man-holp 
* frames are built Into the crown of the flue at intervals of abqj.it 30 fcet. 

„ : *" All brickwork jn the retort setting proper irr contact with the hot 
gases is*,£vf. ti.:? best firebrick, whilst all other brickwork above the •floor 
B level ft laid in lime nibFtar. f 

The drawing also gives details of the gas culvert, this being a semi- 
ar<jh culvert 3 feet wide x 3 feet 6 inches high lined with inches of the 
best fiwbrittk. From this culvert at each retort is taken off a valve 
connection to the furnace, this valve being operated from tfie floor fcvcl 
or frqm the top of the retort setting. The gas after passing the control 
valv#\>asses through a rectangular conduit 5 inches y% 6.^ inches and 
thence through a rectangular opening 6 inches x 3 inches. On leaving 
this opening it is mixed with the air necessary. for combustion and Vn tern 
the combustion chamber through a rectangular opening q inches x 
() filches. The quantity of air admitted for combustion *ts controlled 
b/moi!hs of a slide valve. 

...iiarfeen soot doors 12 inches X 15 inches are built into the setting* 
‘ of sea ch retort as shown for cleaning out. the gas passages, these doors 
being so designed as to serve also as explosion doors. • 

Particular care must be taken in laying all the firebrick lunmgs^of 
these settings to leave a clear space of at least J inch between the lining 
and the ordinary brickwork of the setting to accommodate expansion 
of the retort and firebrick due to increase in temperature of these parts, 
•ihis is important, as if neglected it will be found that the brickwork 
setting; will crack when the retorts arc operated. • 

The concrete rafts upon which these retorts are erected njpst be 
kept separate and distinct to allow of settlement of any r »twk of retorts. 
If this is not attended to<any settlement which may occur after erection 
would likewise cause the brickwork of the set^qigs to be distorted and 
1 cracked. • . # ? ^ 

The^cT retorts are gas-fired from the side nearest tne condensate 
and 9 tapped from the opposite side, so that these passages are useful 
as providing a way of communication for tappers whomeed to examin^ 
the fires, *or for firemen who need//o adjust the dampers. Jmmediateljf 
' behind the retorts, and aboat i # f<j6t above the brickwork topris a Steer 
opiate digging pfatfoojj carrying ;thei bogie tracks from thLlifts. from 
ivhich the bggie^of nitre are conveyed to the retorts. The retort is of 
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vast irpn, and consists of a lower porti&si, cylindrical in sh^pe, ; with*a 
Winded bottom and a' cylindrical extension qijg 36 iri.jhes hi£h, the # 
f tv 7 0 ( parts being made one by a rust joint. Tine lid is very* slightly 
dome-shaped, and fits into a collar the extension ring, connection 
being made by means of a rust joint. The lid has a large hole about* 
2 feet finches diameter, to which is belted, by means qf 15 1 inch bolts, 
the iron pasting which embodies the clinging man-hole, which is clpsed 
by c*m?n lid, and the 8 inch diameter circular hole into which is fitted 
the uptake to the condensing system. The total capacity of the re'tqrt 
is about 9-J tons of water. This size is found suitable for the decomposite 
of 2 tons of sodium nitrate. c ~ 

At the lowest end of the retort is a 2 inch outlet for the nitre cake. . 
r The outlet extends by a pipe to about 1 inch outside thu bricktyprk 
settkg. Round the end of the tapping pipe is fitted a collar which*- 
carries a screw-plug holding device to keep in position a cast-iron* plug 
used to close the hole, an acid-tight plug being first mad^*of d^mp clay. 

A da ter type of retort has a different kind of tapping hole, being 4 inches 
in diameter at the end, and instead of having a block of irejn as a plug, 
has a swing<door, which is kept in position by means of a screw. Jhis 
is a decided improvement on the old pattern. 

The reforts are gas-fired by producer gas, which is led from the 
main gas flue through a 4 inch pipe controlled by a valve to a horizontal 
passage, 8, inches square, beneath the retort. A large amount's! tar 
condenses in the 8 inch passage, and is drawn off through a cleaning 
Moor.' The gas then passes up through a square hole into a brickwork 
combustion, chamber, which is approximately 22 inches x 48 inches x 
24 inches high. A large square firebrick is placed above the lfole, 
supported on bricks, in order to spread out the flame and kecp : it frton 
' impinging on the retort too much, and also serving to distriH\L&4Jie 
heat more evenly. 

The' 1 products of combustion pass through the flue system, which 
cqais\«t r ol four horizontal circular flues approximately 15 inches deep X 
9 inches broad built right round the retort, and so arranged that the 

S ics must travel round the retort before passing to the next flue above. 

eh flue is provided with four explosion doors. From the topmost 
t flue the gases descend to the waste gas flue leading to’ a 100 foot sttfeJ 
chimney stack. . 

The condenser platform consists in each house of an upper, and 
lowerMeck, upper deck serving to support the condensers and the 
fume main, and the lower deck to carry the acid mains. ^ The receiver 
platform is built alongside the lower condenser deck, and' a little below 
it in level, so that tHtt'Yiiain can be set with a good fall in the direction 
^f flow. The condenser deck is built of wood or steel, ahd acid resisting 
brickwork. The receiver platform is supported on acid resisting brick 
f piers. « v 

• Nitric *acid condensers. — The final Arrangement of the Hart qondensers 
f was carjied out as shown in Fig. 3, aril gave o the most satisfactory results. 

, The Jlptake from the retort is <§f 3 inch silicon-iron metal, 0 and is * 
carried lip vertically about 4 feet before bending over to donnect with 
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the cascade, which slppes down at an angle of 8o° witl^ the yerlicqj" 
The cascade ns bjiilf af straight pipes. Cascades of •silicon-iron hf\e 
been put an, also cascades of ceratherm. Both are an improvement 01* 
potterjrwara 

• The gas from Jthe retort passes through these 8 inch pipes into the 
end of an 8 inch pottery “junction pipe E, the pipes being laffl with a 
slight faH sc* that they drain into the junction pipe. 

• # The otjier end of the junction pipe is bent downward and is connected 
to the acid Jnains in the manner hereafter described. From this junction 
pige twb stand pipes G are taken, e^ch carrying a front condenser 
header & suitable for taking 26 glass tubes ig inches outside diameter. 
Th^ stand* pipes G*are moulded with flanges in order to support them 
on the condeifter framing. The glass tubes, above mentioned ate - * 
connected to two back headers M of similar design to headers K except 
that the lowgr ends*)f these headers are closed whilst the tops are formed 
with open sockets. The two sets of headers are set at a level sucli that 
the glass tbbes drain towards the front headers, the condensed Acid 
posing thSnce into the junction pipe E. The gas passes through these 
two banks # of tubes in parallel and thence into a 6 inclT arch pipe N 
connecting \he upper ends of the two back headers M. 

From the centre of the arch pipe N another arch p^c \J tunuu^is 
the «uncondensed gases into the top of a third back header M. This is 
exactly similar to the two back headers previously rAffWioned and i<^ 
connected to a front header L by means of 26 glass tubes 1$ inch^ 
flu tside diameter. This header L is similar to •the front headers K 
except that it has an open socket at the top instead of bring closed, in 
drder to permit uncondenscd gas to pass to the 9 inch fume-mayj .through 
the 4J41CI1 damper pipe Q and the 4 inch arch pipe K. • • ^ 

# The tubes in this bank are set so that they drain towards the front 
header L. This header stands in a third stand pipe G exaltly similar 
to those supporting the other two front headers, the acid condensed 
in the tubes passing down through the stand pipe into a sealed c 9 tch i 
pot J. 

The overflow from the catch pot is i] inches diameter and is led 
•to a 2 inch Y-f>ipe X, the other inlet to which is connected to the lower 
end*of the junction pipe E, so that acid condensed in all threa banks of 
tubes is led to the Y-pipe. Glass tubes V and V^re inserted #in each 
of the connections so that the flow of acid may be oBkerved. The acid 
passes from the Y-pipe X into a still watcher marked Y. This consists 
of a 2 inch U-pipe 9 ormecl with a socket at the inlet and with an overflow 
basin, 6 inches in diameter, on the outlet fbg, the basinbjjjjpg fitted 
with a glass 'dome and two 2 inch discharge pipes, liitne event of 
rising t in the retort the glass dome will Jift and the pressure be 

relieved. 

• 

The discharge. pipes from the still watcher are connected to tne 
weak and strong agid mains .a^ shown, with cocks in each connection, 
so that, the acid dis^arged fr«rr^ the condensers may be dj^effed to the 
strong or \yeaknnain at mil. 
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, 'AU^ joints in the pottery pipes are made 
fqllpwmg composition : — 

| * # • 

w • 

Asbestos f>owder - • - • • - 

Asbestos fibre ... 

^Tallow - - - - . 

Whiting - 
, Bdiled linseed oil - 


\^th; 


a cement bf the 

.» • 

• „ o 

Parts. 


- *40 • 

- 8 

• 2 h 

- .20, 

- 21 


As there arc more than 150 joints connecting the condensing system 
of each retort, the greatest care j,s necessary in selecting*jointing material. 
The glass tube is placed in position and a ring of •] inch blue asbestos 
„ cord put in. A layer of asbestos putty is then inserted, the sanft repeated, 
aihd the whole faced with a mixture of asbestos powder and silicate. 
When this is properly set the surface of the joint is painted over* with 
bituipastic paint. These joints, if properly handled, will .last quite a 
lont time. Sudden pressures on the retort, and sudden rushes of gases, 
musr be avoided if such joints are required to have a long life*. 

These biljes are covered by means of scouring cloth, which serves 
to distribute water* evenly over the tubes. The cloth is tqm up into 
•strip* 4 inches wide, and is interwoven with the tubes, round the first 
tube to the right, thence to the second tube by the left, and so on down 
the standard. The cloth is kept from the standards about 4 to 6 inches. 
Jiubber rings? inches in diameter, are used on the glass tubes at their 
flower end to keep water from the joints where the glass tubes enter the 
standards. The quantity of cloth required for a set of three standard?, 
is 300 square feet. About 2,000 gallons water are run down a set of tubes 
per chargp. ■ The surface area of the glass condensing system (three sets', 
jt 159' square feet. The water from the condenser standards is collected 
in a trwugli 6 ,fcet 6 inches X 4 inches deep and (> inches wide, frem 
which it isjrun down to a common drain fitted with a V -notch. Samples 
are taken daily and analysed. The average loss of acid is 10 lb. nitric 
acid par house per day. 

1 


Nitric acid mains. - The acid mains are 3 inches in diameter and are 
built of 2 feet to 2 feet 6 inches lengths of pottery pipe. Tliey run* 
the entire, length of the house, and are supported on brick arches on a' 
platform below the • condensers. Each condenser delivers into the 
mains by branch pipes. 

The strong ‘main connects with a 3 inch pottery pipe which runs 
at the back of the strong receivers, and gives dff branches to the three 
lead-cooling coils. Each branch is closed by means of a 3 inch pottery 
cock, and** illSK: are flrree more similar cocks along the maijn, behind the 
receivers, so that any particular section may be cut off for repajj; wopk 
without interfering with the running of the plant. * 1 

^ The weak maJh is continued along the platform and outride the 
hous§ to the weak receivers. Eight branch pipes with suitable earthen- 
wire cock’s connect to the eight receives? which are reserved for weak 
acid. * ‘ * 
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Three «2 ipph Igadl# colls are provided in each house* They^sfre 
immersed* in irod tgsnlre containing running water. The* acid exit from* 
each coil branches to t^o leacl receivers, a 2 inch p^tery block cock 1 
joeing provided on each branch to 'enable the acid to be run to either 
or both receivers. 

Nitric rfbid receivers.—' The strong receivers are built of 20 lb. lead 
in tlie silage of cylinders, 8 feet 3 inches diameter x 30 inches deep, 
and ^ach receiver has a capacity of about 6 tons of strong nitric &cid. 
Si^ vertical iron T-beams round the circumference and two encircling 
iron bands, strengthen tlie receiver, and thp top is supported by six kad- 
covered iron I -shaped - rails. A man lid and a 4 rncli dipping hole are 
provided in • the 'top • of each receiver, the former being permanently 
‘bolted on, while the latter is covered by a lid which lits into a lute* 
containing a little mineral jelly. The outlet cocks from the receivers 
are 2 inch pottery block-cocks, which connect with a 4 inch lead nviin* 
to the mixing station. Under each outlet cock is a lead drip tray, agTl 
fliese trays connect by a pottery pipe to a pottery blow egg. A 4 iifcli 
pottery pipe connects each receiver to the fume main, and* a» lead pipe 
perforated oil the upper side passes round the interior* of each receiver 
and scrVes for the introduction of compressed air to mix tli® acid before 
sampling. 

T^n receivers are provided for weak acid. Two of these are reserved 
^exclusively for tower acid. They arc of pottery, of 100 galfeffs capacity, 
and of cylindrical shape. The lid is separate, and is jointed on« with i 
lb-' usual asbestos jointing. The acid is run out#by gravity through 
1 inoJi pottery bib-cocks into a 3 inch pottery main to the mixing station. 
A : in cl* pipe connects each receiver to the fume main, and thgre is a 
dipping hole, dosed by a pottery 7 cover, in each lid. The receivers stand 
upon a flooring of acid-resisting tiles. Any drips from the cocjes are 
collected in a pottery pipe placed underneath and led to a carboy placed 
beneath the stage. 

Fume mains. — The exit from the third Hart unit of each condenser 
set is connected to a large 8 inch pottery fume main which passes along 
house. A plain of the same size branches off to the absorption 
<dtoers # froin the middle of each house. To the first main is connected , 
^ smaller *6 inch main which serves to exhaust the receivers by means 
of the 4 inch and 2 inch branches above described. T lie fume *main 
is built on a slight slope so that any condensed acid runs to the lowest 
point, where it is dr^wn ®ff to the receivers through a suitable 2 inch 
pipe. . 

• • _ 

Nitric acid eggs. — Two earthenware eggs, each of 77 gallons capacity, 

ar£ installed beneath the strong receiver platform, one in each 
hofls'e. Drip pipes and runs from all parts of the house, drip trays and 
pottery jugs are ifll emptied into these eggs. Any acin spilt, from any 
cLacke^ mains, and add collected in carboys, is put into these* eggs, apd 
tic contents blown to the receives*' by ^compressed air at. 10 lb\ pftssure ' 
|he acid ife ‘delivered through a 2-ihch potterv line, to eithei* airomr tw 
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weak receivers as required. The inlet cock isjof pottery t and the air 
pipe of lead. Connections are made by means cf flanged joints packed 
with asbestos and compressed with iron clamps. 

Absorption towers.— The 8 inch pottery mains already described above 
are carried outside the houses on wood trestles to the absorption 
towers. There are two sets, each of eight towers, one set being connected 
to eacli'house (Fig. 4). The towers are elevated on brick piers 12 feet 
high. Both deal with the uncondensed gases from the houses. The 
towers arc built of stoneware, and are constructed in five sections. 
EaqU section is 3 feet long x 3 feet diameter. The column of five sections 
rests on a pottery saucer 9 inches deep and having an intern'd diameter 
of 3 feet 6 inches. The bottom section has a 9 inch take-off to connect 
as gas inlet to the fume main. The towers are themselves packed with 
graded quartz, which rests on a tiled archway built in the sajMjcr to 
give easy access for the furnes. The size of the. quartz .packing varies 
from 6 inch /fuff at the bottom to 2 inch stuff at the' top. At each 
section of the joints a 2 inch perforated plate is provided with 1 inch 
holes. Packing the absorption towers with lumps of quartz and also 
with Accrington pottery rings has been tried and it was found that the 
popery rings had the following advantages over quartz packing : -• 

(1) Proportionally greater free space. 

(2) Proportionally greater wet surface. 

-(5, Greater uniformity. 

(4) I.ess liability of choking. 

(5) Small lateral pressure on the tower body. 

in the first record of this series on “ Denitration of Spent Acids,” 
particulars of the earthenware ring packing are given, and it 'is shown 
that in a total volume of tower of 99 cubic feet, 38 cubic feet are occupied 
by the packing leaving 6i cubic feet of free space. The total stfrlace 
offered Vnside each tower is 2,111 square feet. The saucer at the foot 
of the, tower is fitted with a 1 inch cock, which delivers the weak acid 
into a constant level receiver situated just below. At the top of each 
tower is a pottery add distributing bottle known as a beehive, fitted 
with four f inch bib-cocks. Two of these arc connected to delivv,. 
acid from the beehive down the tower of which it fofms a part. 'The 
other t*wo arc provided so that acid may be forwarded through the 
same tower agaji^ or part diverted to the next tower in the scries througn 
I inch glass pipes. 

Constant level receivers, already mentioned, are made of pottery, 
and measure 27 inches in internal diameter. w The$ hold acid to a depth 
of 20 md« ‘s. at which level each is connected with the next, in the series 
by means of a i£ inch glass tube, which maintains a constant ldvel in 
all receivers. . \ .• 

Pohle air jifts are used for raising the absorption acid from the 
constant level receivers to the tops of the towers. The gases conveyed 
L along the fume main enter at the foot of No. 1 tofter, are drawn .through 
the toVett leave by an 8 inch Unbend,' and, are conveyed to the bottom*, 
of the second tower and so on through the sffies. <The absorption ) s 
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earned out*t^y couifteri«ciriulation of absorption liquid (water or weak 
ni *P c . ac1 *) . an< l nitrous furqes. A constant supply of acid to the 
well is received from the Constant level receivers. Air at 15 lb. .per 
^quare inch is*supplied via the glaSshir tube, and a continuous but jerky 
lift fit acid to the beehive on top of the tower is maintained. 

*■ T he expressed air. required for operating the Pohle lifts is tarried 
to the tovtpr «ilont a 2 inch branch pipe from the main air service at 
80 lty per squarc*fhch and is reduced before it is used at the lowers to 
15 JB- per sqttare inch. It is connected to the individual lifts by means 
of stout rubber connections taken from a 1 inch pipe. The compressed 
air serves ^two purposes, viz., to elevate the acid from bottom to* top 
of the towerj and alsd to oxidise the nitric oxide passing through the 
bowery to nitrogen peroxide, which in contact with water under suitable 
.conditions forms nitric acid. 

* A 30 inch diameter Sirocco fan, driven by a 10 h.p. motor, causes 
a blast of air tb be driven through a potlerjf injector. The suction pipe, 
also of pottecy, communicates with the gas outlet from* No. 8 tower 
By this means a vacuum of 6 inches on the water gauge is produced 
on No. 8 tower. This falls away to 2 inches on No. 1 to*v£r, and to 
8 to jnch at the retort head. The ejector is perfectly simple, and 
causes no trouble.# The fan delivers at a pressure of (> inches water 
gauge at the rate of 40 cubic feet per second through a 9 inch pipe. 

«. Nitre .cake disposal. — This extends the full length «Uthe house. 
The floor is built of acid-proof bricks laid on a concrete bed, the. joints 
being run with molten sulphur. This floor is easily cleaned, and is very 
resistant to acid. Each retort is provided with an iron chute 9 feet 
long x l# foot wide x 1 foot deep, the top end of which rests in the 
recess of the retort wall, around the tapping hole, and the low'er end 
fits^uato a wooden extension chute of similar dimensions, # except that 
it is about 12 feet long. A wooden trestle supports the whole. The 
.lower end of the wooden chute rests over a lead-lined drain 12 inches 
deep X 18 inches wide. This launder runs the whole length A>f tire 
retort house. Each retort is provided with a 2 inch water valve, sittia^p 
£t the junction of the water and wooden chute. This conveys a copious 
SJipply of water £0 dissolve the nitre cake down the wooden chute 
Ind into the gutter, whence it ultimately runs into the sea. This 
process was soon abandoned, and all nitre cake wa? recovered, "in some 
cases in a granular form, and in others in lump form. * 

A portion of the nitre cake is recovered in grammar form by 
directing the molten jiitre cake along the chute to a point where it falls 
and is anet by a powerful blast of compressed air from a 2 inch horizontal 
Iron pipe, with a slit 4 inches long, adjustable in width»from r,'„tl*of Mi 
inch It o j’fljth of an inch. The molten nitre cake is immediately solidified 
anS falls like fine* snow on the floor, roof and sides of the blowing house, 
which is 40 feet»long x 15 feet wide x *2 feet high. The material 
if, in fine granular foun, and finds a ready market. It is usually put 
ijj> in *> gallon ca^ks. • The present system of recovery is as ^oljpws ? — 
pie iron chutes from four retorts eich*cortnect with another chute^rumtiHgat 
right anglA. •Fro'lji one end of this latter chute another projects d%wnward 

t 
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td point where the molten nitre cake, afterdating 13, inches, meets 
the air from the horizontal pipe at angle, of ajxnn 45 0 . c The four 
adjacent retort chutes arc similarly fitted. * These two iron chutes 
terminate at the entrance of the blowing shed, and each chtite is 'provided 
with a blower to itself. The pressure of air at this 2 inch pipe is 8f) lb. 
per square inch, and a gauge is placed near by.' Wlfen IJhe pressure- 
falls the cake is not properly granulated. The ljpusc# to# which the 
granulated cake is blown is built up of old gal vanisea sheeting, thfc # floor 
being laid with acid-proof bricks laid in cement and jointed* with aspljal't. 

f Another method of preparing the nitre cake in granular form consists 
in running it from the retort into a circular iron ,pan in which blades or 
ploughs attached to radial arms are revolving (Figs. 5 And 6[. ; The 
constant agitation prevents the nitre cake setting as a whole, and by 
constantly presenting new surfaces to the air a rapid cooling effect is; 
brought about leading to *he formation of granules, and these in turn 
by grinding upon one another eventually suffer reduction to powder. 
Tnere is a discharging door at one side of the pan and the ploughs are 
placed at such an angle that when the door is opened die powdered 
nitre cake is gradually discharged from the pan. 

The whole of the North house at Gretna is provided with ordinary , 
pans, four to each retort, size 12 feet X 5 feet X 8 inches. These pans 
rest on brickwork, and are raised some 3 feet from the ground. A railway • 
track passe* along the line of pans the full length of the house. The 
chary of molten cake is run evenly into the four pans allowed to solidify, 
and then broken up with a hammer and thrown into the wagon alongside 1 . 

The only differences worthy of mention from the description of the 
South house tapping floor (where the granulation process is used ) , are 
as follows : — 

(1) Floor constructed of concrete, which does not resi:;t the 
action of acid as well as the acid-proof bricks. 

(2) A half-rounded pottery drain takes the place of the* 
leaden launder in the South house. 

Water supply. —This is similarly arranged in both houses. A 4 inch 
main in cacli house, fitted with a main stop valve, supplies water, to 
the Hart condensers. The outer 4 inch main with stop valve supplies 
water to the tapping chutes. This main completes a circuit right round 
the house, branches being taken off at intervals for the following purposes ; 

(1) For tapping retorts. 

(2) For 1 inch hose pipe connections. 

(3) For cooling worms for strong receivers, &c. 

' * 

With a view to effecting economies in the water consumption o 1 the 
plant, large galvanised tanks were placed on girders about 15 feet from 
the ground in bpth houses. These tanks receive waste water from the 
acid mixer coils, which previously ran to waste. Each tank holds 
^r/ooo gallons water. The outlet pipe from the tank connects th^ 2 inch 
mlthr supplying the water for tipping the l retorts, and by .means of a 
ball vatoe arrangement (similar to ordinary cistern), d plentiful supply 
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Usage of sulphuric acid. — In each report two tons of nitre arfe 
distilled with approximately two tons of 92 per td.it. sulphuric acid. 
The following are actual figures : — * » ■ 

2 tons nitre at 98 per cent. = 1*96 tons of pure salt. 

2 tons of sulphuric acid at 92 per cent. : — 

1 inch dip in tank = 0-059 t° n - 

34-5 inch used = 34-5 x 0-059 — 2*035 tins at 92 per cent. 

= 1 • 872 tons of H 2 S 0 4 . ’ . 

Ratio of sulphuric acid to nitrate in terms of pure chemicals 
— _ 1*872 _ 0-956 

NaN 0 3 ~ 1*960 ~ i-ooo’ 

Firing the retort and gas consumption.— The above materials are put 
into the retorts, the lid is luted down with cement, and the gas fire 
lighted. The damper is adjusted at the back of the flue, and the air 
ports in the front, to give complete combustion of the fuel. The 
following arc average analyses of the producer and waste flue gases :• - 

Producer gas. Waste flue gaj. 

Per cent. Per cent. 

COjj - - - 4-0 C0 2 - - 8-1 

CO - - - 28-0 0 2 - - - 9-9 

H 2 - - - h i N 2 - - 82-0, 

CH 4 - - - i-4 

N g - - - 55-5 100 -c 

100 -o 

In order to find out the exact gas consumption, a rotary meter was 
fixe-l on to retort 33. Experiments were made under varying conditions 
to find out exactly what the coal consumption was. The average figure 
Recorded was 30,000 cubic feet reduced to normal temperature. This 
is for a charge of 2 tons nitre, which gives 1-43 tons of HN0 3 . 

1 ton of coal gives 130,000 cubic feet of gas, 

1 charge (i.c. 1 • 43 tons) uses 30,000 cubic leet of gas, 

.’. 1 ton uses 20,000 cubic feet of gas, 

Or equal to 0-154 tons of fuel per ton of HN 0 3 . 

Distillation. — When a retort is tapped, the charging lid is removed 
and the retort dipped to make sure it is tapped clean. It is a rule on 
_the plant that the tapping hole must be plugged before the nitre i- 
charged ; tins is done to avoid the possibility of the acid be # ing rftn in 
before plugging. * 

The nitre charge of 2 tons is weighed in four bogies, 10 cwts. each, 
and is delivered into the retort by means of a portable chute. Aftci 
, tipping, the bogies are swept clean, and any nitre spilt is swept up arid 
added to the retort. The charging chute is now removed, The seat i< 1 
the lid is. covered with clay,' the charging lid pat on and cemented cf*{\\ 
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Vith 'ordinary cement.' In running # in the acid by the first nrathod the' 
centre plug isldfttaut, byt* in* the second method the plug is luted down 
with clay and cement.® * • • * 

Meanwhile the charge of sulphuric acid, consisting of 2-05 tons 
01 92 per cent, acid, or 2 -or tons 93 per cent, acid, is measured into the 
feed tank. There are*tvjo njethods of running in the acid. In# the 
first method temporary connection is made from the tank to the retort, 
usijig a $hort*pi 3 ce*)f # iron pipe, which dips into the acid charging hole 
in the # lid. In. the second method a permanent connection from the 
tank *to the retort is used, which is independent of the charging lid. 

A cast-iron {pc-piece ii bolted to the retort cover, and is connected k) 
the pipe fronpthe tank by a 2 inch iron pipe with a U-bend to minimise 
the effect of a«blow back whilst charging. The tee-piece on the retort 
is 'necessary, becau^ the acid inlet must be cleaned after practically • 
ei^ery oharge. 

After the acid has been added and the plug luted down, the fir$ 
is started, unless the retort be very hot, in which case it ,is advisable ** 
to wait a short 'time. Sufficient fire will be put on to make distillation* 
fcommonce in about one hour. If the retort be cold, a mycK longer 
time will be required, viz., up to three or four hours. * 
fc For ordinary running, a 14 to 16 hour cycle is the most usual, with 
a distillation time of 12 to 14 hours. As soon as a retort is warm, a 
few bro^n fumes appear in the condenser tubes. A clear indication 
of^the commencement of distillation is given by a rapid rise in the 
uptake temperature to 90° C. When the pot temperature has reached 
90°oiTO° C., the temperature will steadily rise for the next two or 
two and a half hours, with a regular evolution of nitric acid* vapours. 
As s<*)£ as* the “ pot reaches a temperature of Ii5°-i20° C. the reaction 
betweejj the sodium nitrate and the sulphuric acid becomes violent. 
The pressure in the retort rises, and the manometer on the retort head 
►gives indication of this. At this time it is usual to put out tljc fire 
wjaile this violent reaction is in progress to avoid damage to the pottery. 
This reaction lasts from 5 20 minutes, depending largely on the* rat 
at which the pot temperature has been raised. This period is very-* 
clearly shown in the condensers. Before it occurs the retort distils 
rejji^arly and the gases ir» the condensers are brown, but during this 
period tlufc Y a P ours the condensers are colourless, or almost so. As 
sqon as this violent stage of reaction is over the tubes quickly become 
colourless again, and the fire is rc-started. 

• During the height of the reaction the pressure in the cascade is 
shawn as 3-4 inch water prtissure by the manometer. Whenever the 
manometer shyws less than 1 inch pressure it 1s # safe*lo light the file. 
Fof the*next fo*ir \>t five hours the rate of distillation drops off and tlie 
uptake^ temperature will drop somewhat, from 135 0 to 130° C., and the 
fire must be slightly increased. • 

From Df>\y onvifards the specific gravity of the liquid distilling is 
taken ev^ry hour by thfe " reaction man.” When the speciffc gravity, 
oi the distillate falls to* 1 • 465 the* iityd # made is run to the w^ak»acidf 
gfeceivers; up to this p6int it has been, running into the strong receivers. 
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The distillation is now steadily continued until, the specific gravity oi 
the distillate reaches i • 340 ; then the fire is extinguished, and the retort 
is ready for Yapping. A retort is noL actually ready at l • 34 °> hut there 
is sufficient heat in the charge to firish the distillation while preparations 
are made for tapping. The end point is also shown in the condensers, 
because very little distillate, is coming over. The uptake temperature 
drops considerably towards the end. 

The term “ cycle ” means the time which' elaptees’ between the 
charging and emptying of a retort. " Dead time ” means the length 
of time between the pot being empty and again charged. The cycle 
a’med for here is one of from 14-15 hours, wllich generally means a 
distillation period of 10 11 hours. “ Blows ” are very uncommon with 
the above times. With a lower cycle, say, so-n hours, in addition 
to breakage of pottery, there is an increased decomposition of the nitrate 
acid in“the retort, which has boon proved by the analysis ofwthe gasps 
in the fume main. Gone r ally speaking, quick cycles do not pay. Longer 
cycles than 14-15 hours are not desired, as coal consumption goes up, 
and a larger quantity of nitrous acid is found in the distillate. 

Tapping. — The tapping of the retort has already been described': 
Great care is necessary to see that the tapping hole is kept clean 

When a retort is tapped two samples are taken of about 7 lb. weight'. 
These are sent to the laboratory, and an analysis made tor sulphuric 
content and nitric acid content. An average figure is as iollow.; : - 
28 -<) per cent, total acidity as 11 2 S 0 4 . 
o-c6 per cent. 1 1 N() a . 


The acidity of the sample depends somewhat on the stage of tapping, 
and samples taken at intervals during a tapping gave tin* following 
results: - ^ 


Tap 1 —32-3 per cent, sulphuric acid 
1 Tap 2—27-6 
. Tap 3—27-6 
Tap 4—27-8 


- Average 28 • 8 per cent. , 


Condensation. — During the process of distillation, the bulk of the 
acid is condensed in the first two headers of Hart tubes. A small 
quantity condenses in the third set of tubes, and this usually contains 
upwards of 5 per cent, nitrous acid. Uncondcnsed gases pass to, the 
fufne main and to the absorption towers. For efficient condensation 
there* must be provided both a large cooling surface and free passage 
for the '^ases without restriction of any kind, otherwise the gases will 
pass through and escape condensation in the one case, or a “ chokr ” 
Will develop hr £hc other. * 

It is necessary for proper working to have a good vacuum OF. the 
plant. If a retort is not in use the damper is put in the fume 'pipe so 
as to avoid ariy unnecessary air getting into the 'system. It is found 
that, for efficient condensation, a quantity of 1,500 gallons^ of water 
* should be passed over the coijdcjfsers. This represents a consumption 
of 1,060 gallons per ton of nitric acid produced. .Careful experiments 
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hav£ been carried oul tcPsee how ifiuch nitric acid is lost from condense 
joints. TVepty ^distillation j weft carried out in one rcto*. At # the 
end of the 4 wcnufth % the water vv^is only very slightly acid. The water 
was collected from each rtufliing, and up to the tenth, no acidity was 
*hown. • 

Absorption. — Cold watfer is fed into No. 8 tower (the one nearest 
(He exhaust)? and tne J inch cocks on the beehive so adjusted as Jo give 
a ^progressive movement of acid through the system. Acid of ■betwgon 
6a and 65 per# rent, strength is run off at No. 1 tower through a still- 
watcher, on wfiich a hydrometer is placed, so that the strength of the 
acid produced may f>e readily observed. The acid run off from fhe 

towers is coitveyed to life storage by means of a 2 inch pipe. 

• 

’ Analysis of acidtf made.- When a receiver is filled with acid, either# 
fveak strong, a sample is taken and submitted for analySis. The 
analysis is returned showing nitric and nitrous contents and specific 
gravity. Before sampling strong acid, compressed air. agitation is* 
tuhied on so a§ to get an average sample. The average strength of tk # e 
strong acid is'in the neighbourhood of c)2- 5 per cent., witlj nitrous 
acid content of o ■ 5 per cent. The weak acid is of average strength, 
65 68 pef cent* HNO. |f the nitrous content being almost nil Thg acid 
recovered from the* towers is usually 50 60 per cent. HNO a , and the 
nitrous content o-i per cent. 

• Capacity of plant. -Assuming 12 hours as the* lowest cycle consistent 
with efficient condensation and few breakages, the yivld is 1-40 tons of 
IINO :i from a charge in T2 hours. Allowing two hours dcack time, the' 
bakyico of the worl big day of 24 hours will give 1-16 tons of nitric 
acid. ~ 

plus i- 16 — 2*56 tons HN0 3 per retort per 24 hours. 

Hack house contains 24 units, two of which are generally flowed 
jff for repairs. ” • 

.*• Total yield of acid (24 -• 2) X 2 X 2*56 ,r 115 tons UNO* 
[)cr day. * • 

Temperature charts. - Experiments were made using platinum resist- 

pyrometers aftd a Cambridge Scientific Instrument Company’s 
recording* marl line. One of the pyrometers was encased in «an iron 
t t*fbe and put inside the retort right down to the bottom. • 

No. 2 was put in the uptake of the retort, where the thermometer 
.s* usually put. 

y No. 3 was put at* the Uhck of the retort, where the gas flues enter 
Life downtak^ On* reference to the accompanying \l^\ft (Fig. 7^ it 
vill be#seen that \he graphs correspond fairly well with the description 
n*tlje # text. # # 

In the c ase of (Jie uptake, when distillation starts the line is almost 
Derpendicul/r. The dij) on the line at two* o’clock represents reaction 
:irrtfc, whfen the fire is lowered, and# as the distillation proceeds to a finish 
Jhe temperature in fh^ uptake fall*. - * 
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The temperature inside the pot’ fteadily increases from the start, 
and- does hot fall till the pot is empty of tes nitre cal-je.- *-It should be 
noticed that when the fire is put out the teijipfratuee continues to rise. 

Working results. — Below is an. extract from the working report for 
February, 1918, which shows in detail the working results. The 
efficiency of the plant lies between 96 and 97 per cent. ; the quantity of 
H 2 SO^ used per ton IIN 0 3 produced is about 1 • 35 tons; and the 
quantity of NaN 0 3 used per ton HN 0 3 produced is'abouf 1-39 tqps. 

The following is an average percentage return : — ■» 

Recovered as strong acid - ■ 87-2 per cent. 

strength — 92-5 per .cent. HN 0 3 . 
Recovered as weak acid (ex towers) - * - - to- 4 per cent. 

strength — 63*5 pier cent. HN 0 3 . 
Recovered as tower acid, weak - - 2-4 per cent. 

strength = 56-5 per cent. *rlNO.j. 

Nitric acid retorts 
(North and South Houses.) 

Monthly report —Five weeks ended 7.30 a.m. 2nd March 1918. 

All weights in tons of 2,240 lb. 

Total number of retorts charged — 

138 J wet nitre; 1,359! dry nitre =1,498. 

Total number of retorts tapped —1,505. 

t “ Charged. 

Sodium nitrate. Tons. Per cent. Tons. 

Amount wet 276-5 NaNO s 96-6 - 197-97 UNO," 

Amount dry 2,719-5 NaN0 3 98-41= 1,983-58 HN 0 3 ■ 
Sulphuric acid: 

Amount - 3,095-52 H 2 .S 0 4 92-0 — 2,849-44 H 2 S 0 4 

, Coal used in 
.. 1 producers - 401-54 

Nitric acid produced. 

Tons TNA.* Tors TNA. 

Amount strong 1,986-07 as HN 0 3 92-4 -= 1,835-62 as F,N0 3 
Amount weak 380-19 as HNO s 63-75= 242-38 as* UNO, 

Ex towers - 106-67 as HNO s 59-7 — 63-67 as HNO s 

2,472-93 ^.141-67 

Nitric acid. * Lost. 

Total TNA as HNO s charged to plant as NaNO g 2,181-55 tons. 
Total TNA as HN 0 3 recovered - - - ' 2,141-57 tons:- 

Unaccounted fqr at mixers - 20^71 tons. 

Total amount lost -« - 60 -59 .tons. 

1 1 1 (2-78 per Cent.) r 


* Total nitrogen adds. 
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Physu.ul Data. 

Time of eli -.filiation — It iiours 43 minutes. 
Time of cycle - -14 houj^ ^8 minutes. 


H tire cake.’ 

Bercentage free 1 I a SO, — 28-43 per cent, by analysis: 31*45* per 
cent, by calcylatibn* 


Fuel. 

Coal used per ton of acid recovered 
Coal used per ton of HNO., 

Nitric acid. • 

Average strength ot acid recovered 
Tons produced per retort - 
Percentage recovered as strong acid 
Percentage recovered as weak acid - 

Percentages^ weak acid recovered in towers 
Total recovery - 


O' 16 ton. 
0*19 ton. 


86-6 per cent.- 
1 • 6 tons. 

85*7 per cent. 
11 *3 per cent. 

3*0 per cent . ^ 
97*22 per cent! 


From, page* 19 to page 57 the results are recorded of some of me 
* investigations and trials which were carried out in order To ascertain 
the best way of running the plant with regard to efficiency and economy. 
These investigations were of the greatest assistance to the staff and 
led to the high efficiency which was ultimately attained on all the pkyits. 
They indicate the maimer in which technical operations and problems 
shctokl be attacked and studied. « 


Standardisation or retorts 


Jixfrerimeuts carried out at ILM. Factory , Queen's l ; erry y using 
Silica Condensers .) ' » 

. -jject ot experiments.- -These experiments were carried out wjth a 
view to determining the most suitable method of working the retorts 
in order to produce a maximum amount of strong acid and a minimum* 
ot weak using .is small a quantity of hud as possible, and at the same 
thji$ working oft tin* retort in a time as short as is consistent with these 
conditions* , * 


** Arrangement of retort. -The retort was tit ted up so that the acid 
£Qpld be run into carboys. One branch of the pipe was connected with 
a lead cooling coil immerse;! in water. This cooled the* acid so well 
tl^Pt it was at the temperature of the cooling watei* when it came out, 
and, consequently fuined very little. The othei \Tas competed witlr dn 
acid rui?, io.fee* long, made of small pottery pipes, and the acid flowing 
through this was cfcoled by water Jlowing on to the pipe. This did not 
cool very efficiently, but the acid came out cool enough not to crack 
►•the carboy sfncl without, undue iume. When the acid Became weak it 
was* turned into tliis mn thus saving the lead coil. Otherwise, the* 
jfrangement of the Retort was the samfc in ordinary working. 


x 16002 
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• Methou of working. — The carboys were tiiangea regular intervals 
of time, or, Li some cases, when they wer,e filled,- They were weighed 
empty, and with the acid, and a sample of the acid of each carboy was 
taken. The temperature in the uptake from the retort was taken 
ever;' quarter of an hour, or more often in special circumstances:- The 
pressure in the uptake was also taken every quarter oi an hour by 
means of a water manometer. A nitric acid trap, in the shape of a 
bottle, was put between the uptake and the manometer, so that any 
nitric acid coming through condensed here, and the water in the mano- 
meter remained pure and consequently of the same specific gravity. 
In three of the five experiments resistance pyrometers were put inside 
the retort and in the water-gas flue. The former was protected, by a 
silica tube and a wrapping of asbestos soaked in silicate of soda while 
the leads to the top of the retort were encased in an iron tube. The 
temperatures given by the pyrometers were recorded on a continuously 
recording instrument. All alterations in the height of the fire, &c. 
were carefully noted. 

All the retorts were gas-tired. 

Results of l ; ivc Trials. 

No. i. --In this trial the retort was very cool to begin with, 
and hence took more than the usual time to heat up., A good 
lire was put on, and it took two hours to start to make acid. The 
lire was left unchanged, and a steady stream of acid continued 
to come tnrough until three hours after it began to make. . At 
this time the manometer, which had been indicating about | inch 
. of suction, went down until it started to register pressure. < The 
tire was turned out, and the to]) dampers put up. The positive 
pressure rose to about j-J inches and continued for about 4 hour, 
but during this time no readings of temperature could be taken 
because the thermometer had been cracked at the beginning .of 
the blow. When the manometer again indicated suction the 
fire was lighted and turned up at intervals until tw'0 hours after 
tla blow was over it was again a good tire and continued at this 
height until the end of the. distillation. One hour and 10 minu+es 
.before tapping, the manometer oscillated violently ..for about 
10 minutes. 

,.No. 2. — In this case the retort was much warmer to begin 
with, and it started to make acid 1 hour 25 minutes after the 
lire had been lighted. A slight positive .pressure developed at 
the same +ime as it started to make acid, the fire was turned loev, 
but after 'about io minutes’ suction w:is again registered, on’ the 
manometer, and a moderate fire was put on. Twc and a .halt 
hours after the distillation commenced a positive pressure bf' ovei 
2 inches, developed,* and the fume began to -blow oijt at the lid. 
The lire was put out and the fire-door and top danfpens pu^ up, 
The blow lasted 4 hour. Alter it had ceased a tire wals lighted, 
and this was soon raised until there was a "good fire' on. One an^ 
a half hours after the blow had ceased, a pqsitivfe pressure again 
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developed, ljut lasted only a few minutes. The fire \ 9 as turned 
low while it lasted. 4 .After another one and a half lfburs, another 
short blow occurred, when this was over the fire was turned ifp 
until the retort was tapped. 

No. 3. — This was taken slowly with smaller fires tha«i in 
the other 'cafces. The 'period between the lighting of the fire 
and the beginning of distillation was 2 hours 45 minutes * This 
fire was moderate, and when distillation commenced it was checked, 
and a lovv fire kept until the blow started 3 hours 20 minutes 
after It began to make. The blow was a very slight and short 
one. "After it a small fire was put on and raised to moderate 
heat only near tte end. As in No. 1 there was violent oscillation 
of"the manometer near the end of the distillation. 

. , No. 4. — This was run through quickly to contrast *it with 
No. 3. The ietort was hotter to begin with than in previous 
cases. The distillation began one hour after the lire was liT 
and it began to blow 2 hours 50 minutes after distillation started," 
A good fire was kept under the retort whenever possjbl<. The 
blow was violent and lasted about 40 minutes. The water was 
blown right out of the manometer. Near the end of £|ie distilla- 
tion oscillatioh of the manometer was observed as in Nos. 1 
and 3. 

No. 5.- This one was run through fairly slowly. Distillation 
began after i hour 55 minutes. In this ease there was no bk>w 
until 5 hours after it began to make, and tin* blew was very 
short and sharp, lasting only a few minutes and developing over 
(> inches of pressure. After this the distillation went on steadily, 
tine hour before the lire was put out slight oscillation of tlie 
manometer was observed. The lire was put out half an hour 
before tapping. » 

• Temperature in the uptake. — The thermometer in the uptake give* the 
first indication of when the retort begins to make. The temperature 
rises in a few minutes probably 30" or 40° C. It will be seen by consulting 
Fig. 8 that distillation commences at different temperatures, varying, 
in ^lifcso experiments* from 82° to iob° C. 

But tie. temperature at which the gas distils off from the mixture 
ofrsulpluflic acid and nitre must be nearly the same in all cases, so one 
is led to the conclusion that the temperature of the gases in tie uptake 
iSTontrolled very largely by the temperature of the upper parts of the 
retgrts. Thus in distillation No. 1, although it had s s good a lire under 
it is in any o^ier distillation, the curve on the; fpaph^fgg. 8) in the 
earner parts of die’ distillation is well below the curves of Nos. 2 and 4. 
Thw-Js,, no doubt, due to the fact that the retort and brickwork were 
quite cold to begin with, and the upper parts of the retort would take 
long time to heat* up. The contrast between Nos. 2*4 and 3, 5 is 
particularly strong. No§. 2 and 4, started with a good lire, and here 
the gas came over at •temperature well over ioo° C., while in Nos' 5 and 5 
after distillation, had commenced a small fire was used and tlie gas came 
over for a cotkplc of hours at’under ioo° C. • ' 
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' . In cm respect the cements, 

not made wder ordinary working condition* It was mcessuy^ to 
Ioave the retort for a long peiiod bctweeft. &ach trial s 
down more than under ordinary' conditions, although It WQS Kepi QS 
warp as possible by having all the doors closed. Nos. 3 and 4 were 
worked off without this rest between them, so that,. iVo. 4 will resemble 
more* nearly ordinary working conditions in this respect, thhn the* others. 
With ordinary conditions the upper parts of the retort and brickwyrk 
would be warmer, and the gas would be at a higher; temperature to ' 
b^gin with than is shown in the curves. It. will be seen from the curves 
that the thermometer gives no indication of the proximity of a blow 
though the temperature drops while the blow is 'in progress." The general 
tendency is shown in the next graph (Fig. y), which gives a curve snowing 
the moan of the five trials. The temperature rises fairly rapidly 
during the first two hours or more, then drops suddenly at the blowing 
•period, subsequently rising slowly and steadily until near the end of 
•the reaction, when it rises very rapidly. This last rapid rise is ,not 
shown in Fig. y, but is clearly seen in each trial in Fig. 8. 

The conclusion is that the thermometer in the uptake is of little 
use as an indication of the rate of distillation of the acid or as a warning 
of the proximity of a blow, and this is borne out by previous experience 
on the retorts. Its chief uses are to indicate the beginning of the 
distillation of the acid, and as a control on the temperature of the 
distilling gases so that these do not reach too high a temperature. The 
aim should be to keep the temperature as low as is consistent with the 
proper rate ol distillation, so that as little of the acid is decomposed 
by the hot sides and top of the retort as possible. Starting with the 
retort always at the same temperature, the thermometer \VbtId be a 
good guide to the distillation, but, under ordinary conditions," to, work 
always at the same temperature would be impossible, and an attempt 
to do so would lead to different rates of distillation. * 


• Pressure in the uptake. — The pressure as indicated on the mano- 
meter was under ordinary conditions negative, that is, there was a 
suction in the uptake. This varied with the pull on the fume main, 
which itself varied considerably, according to whether there were .’any 
retort's open at the lid. The result was that the manometer readings 
when negative, had little significance except to indicate that the’ far 
was operating properly, and that there was no blockage anywhere 
When the retort begins to make rapidly, at the blowing period tin 
pull on the manometer gets less and less until a positive pressure ii 
registered. " Tile maiiometer gives the first indicatipn cf the proximity 
of the blow, and it is here that its value lies. It also indicated cicarlj 
when the blow is over and it is safe to light the fire again, and .tills i: 
of special value, as it is here that time is frequently lost. Without thi 
manometer there is no guide to the violence of the blbw except tl)i 
way in which the fume is blowm-out of the lid and other places,* whil 
with It the pressure developed is sben at once and thC necessary precaution 
can«be taken without any unnecessary ‘'cooling of the retort by openkij 
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' danger, 8 &., a proee&iing which «s necessary only in severe JjIows, but 
which is freqfhlnfly followed as a matter of safety in the ^bsence of an 
indication of the probhble jri$ience"of the blow. 

r 

• • 

BJake of acid during distillation. — These experiments have shown very 
dearly that it is impossible, economically to have the make of*acid 
even approximately c^qual all through the distillation. The curves in 
Fig. iotsho^ how# in all the trials the rate of making acid varies a 
great Heal, whiie Fig. 9 shows how it falls off as the reaction proceeds. 
The Retort Ijegrns to make rapidly and this rate is maintained lor about 
2 \ hours, during which time very little heat need Ik. supplied. At this 
^ime the malfe usually drops a little, then suddenly inc reases enormously, 
and this sudeten increase constitutes the blow. This phenomenon # of 
very rapid making of acid at a period about three hours after distillation • 
comnlfciffces always occurs. If the retort has been pushed it occurs 
earljcr than if it has ndt. In some cases (c.g. trial No. 5) it is delayed 
until much latpr than usual. This usually occurs when^onlv a sma^T 
lire is put on ejrly in the distillation and when the retort is very carefully 
watched so that on any sign of blowing the lire is checked down. The 
blow is # then usually of very short duration and rathe* violent. -Tdie 
following "table shows the time between beginning of distillation and 
time of blowing and tfye quantity of acid condensed up to the time of 


blowings — 

Lb. 

Trial No. 1 — 3 "hours - - 77 ° 

Trial No. 2 — 2 hours 30 minutes - - 8*2 

7 rial No. 3 -3 hours 20 minutes - - 880 

*t'rial No. 4 2 hours 50 minutes - - 839 

Trial No. 5 -5 hours - - - - 1,1^9 


It will be seen that, except in a case of No. 5, the amounts of acid 
condensed arc not very different in the different trials. The qurves 
in Fig. 11 show that no sudden rise in temperature occurs in the contents 
of the retort at the blowing period. It the retort lias been strongly 
heated during the preceding hours the blow is of a violent character, 
aS&A to cool down the retort it is necessary to open all the explosion 
doors. EV«n then a great deal of fume is blown out. of the lid*or else- 
where vflth the attending loss of acid and other undesirable consequences. 
Aft er the blow is over, the make of acid falls off even when good lire 
Ts’put on. To keep it up to its former height a very high lire would be 
necessary, and this \Wmld clften result in a second* blow. By keeping 
avjood but nq| very high fire under the retort the* rest^ the distillation 
is usually steady. * After falling off, the make again becomes fairly even, 
uiltl] two dr three* hours later it again begins to fall off slowly and 
continues to do so to the end of the distillation. If will be seen that 
..at the end of the curves of Nos. 2, 4 and 5 ir# Fig. 10 there is an increase 
in make iinaicated . If Jhe curves jv^rc continued they would fall again 
sharply, but |he last (jarboy was left under the retort until all # 4 h£ acid 
Aad drained out, so that no tigtire could be obtained for it. * 
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Relative quantities of strong and wea£. acids. — Th</ results of tho experi- 
ments cleaily show the benefit to the relative quantises qf strong and 
weak acid of working slowly. * , ' , 

1 The following table shows the percentages of strong and weak acid, 
the ratio strong acid to weak acid (each reckoned as HNO‘ 8 ) and the 
ratioestrong acid to weak plus HN0 3 left in nitre cake. The percentages 
are reckoned on the total available HN0 3 , taking -the >IaN0 8 .in the 


Trial 

lumber. 

; 

j 1 — 

Strong acid. 

Weak add. 

1 

Slrotig 

String 

Ivill ID 1 

Weak. 

• 

. Weak+N.* 

< 


Per cent. 

Per cent. 

1 1 

1 

* 

1 ' 

90*2 

i-O 

47‘5 

30 -r 

2 

86-7 

6*4 

13*6 * 

13*1 

3 

86 -j 

2*9 

29*8 

18-4 . 

4 

’ 80 -8 

8*J 

9*7 

8*3 

5 

# 

86-4 

1 

4-1 

21 • 1 

, x 3*9 


N -- HNOt in nitre cake. 


In each case the strong acid is 92 • 8 per cent, strength. 

It will be seen that No. 1 is the best. The sulphuric acid used in 
this case was 89-0 per cent. In several respects No. 1 trial differed 
froip the others ; although it had a good fire under it nearly all the time, 
the blow was only a inild one, the percentage yield of acid was high 
and the ratio strong : weak very good. 1 

In the case of the other two which were driven fast, this ratio was 
distinctly not as good as in the case of the tw'O driven slowly, «c. may be 
seen by comparing Nos. 2 and 4 with 3 and 5. It is probable that tho 
fact <)f the refort and brickwork being so cold to begin with in No. 1 
is largely responsible for its unique behaviour, as this would prevent*'' 
overheating of the sides of the retort. Comparing Nos. 5 and 4 the 
difference is particularly striking. These two were run especially for 
the purpose of comparing the strong and weak yields in the two cases 
of a retort run moderately slowly, and a retort pushed quickly. It so 
happened that the sulphuric acid used for No. 3 was' only 87-8 per coi It., 
whilst ‘for No. 4 the strength was 91-2 per cent. This* makes the 
comparison especially striking. Tho variation of the strength of the 
acid made 1 with tiie time is shown in the results given at the end of the 
report. The acid at iirst is about 90 per cent., but rises quickly" fo 
98 per cent., then a/lcr flic first hour slowly falls Until two or three hours 
before the end s? the distillation, when it begins to fall rapidly. ( p 
Percentage recovery. — It will be seen that in every cgse this was 
high. Taking int<? account the HN0 2 in the acid, the 'percentage recovery 
in tlie five trials was as follows : — 


, Pel cent. , Percent. 
8«T7 . 9 1 '* 

• c 


Per cent. 
'92-9 


Per cent.* 1 
93-5 


.Per cent. 
89 '6 
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COMPARISON OF TEMPERATURES IN RETORT , IN UPTAKE & IN WASTE GAS, FROM FIRE 

TEMPERATURE IN RETORT, IN UPTAKE AND OF WASTE GASES FROM FIRE N?3. 
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mean these is 91-2 per cent., so thilf only 8-8 per cent. «*f 
r . * Vas lost «or absorbed in the absorption towers. 

Lt is difficult to Understand Vhy ^0.^3 should be the lowest of all when 
t was at the same tiifie the $*ie wniefi was taken most gently. ; 

Quantity of gas burned. --The firing of *the retorts was carefully 
watched, and, every alteration in the fire noted. The quantity cf gas 
lsed was estjjnated* and this estimate is given in the following table : — 


a 

• Tmal 
number. 

• • 

# Time gas 

• was alight. 

; • 

Total gas t 

used. 

1 

Cubic feet 
per hour. 

1 

4b 

Cwts. of 
coal. 

• 

« 

» • 

r J 

! 


2 

• 

TO *2 

| 2J.000 

i 2,250 

4*6 

3 • . 

IS O • 

: I<) r 00n 

j 1,200 

3*7 

4 

XI -0 

i 24,000 

! 2,200 

. 4*7 

•5* 

13 •« 

1 2.J.OOO 

1,650 

4-6 


• • 

(r cwt. of coal is equivalent to 5.000 cubic foot of gas.) 


# 1 \ is seen* that, in the case of the retort which was workgd most 

slowly, the quantity of fuel used was the least although tne gas. v'as 
^alight for*the longest time. T11 the case of No. 5, which ^vas wprked 
as slowly as No. 3 %t first, the gas was raised towards the end of the 
reaction with the result that it came off in less time, but used as much 
. gas as A*os. # 2 and 5. 

Temperature of the mixture in the retort. — This was taken b^ a 
pjwometer as stated above. The results of trials Nos. 3, 4, and 5 are, 
shown in Fig. .11. In Nos. 3 and 4 the pyrometer was placed about 
4 or®5 htfhes from the bottom of the retort, while in No. 5 it was higher 
up. Ffcom the appearance of the curve of No. 5 it seems probable that 
\he pyrometer was sometimes out of the cake and sometitnes in it. 
... In No. 3 the distillation commenced when the pyrometer regfctered 
only 73 0 C. and continued for a considerable time with the temperature 
not much higher. It appears probable that in this case the mixtyrd 
of nitre and acid was not uniformly heated Jill through, mid that th<? 
distillation was taking place at the edges while the centre remained at 
a»l<$wer temperature. No. 4 probably gives a more accurate idea of 
the temperature. In all cases it is seen that towards the end, of the 
reaction* the temperature in the retort rises very high. In No. 3 .the 
quick jumping of the temperature coincides with the violenf#oscillation 
manometer, each of which seem to be due to a nitre boil. Fig. 12 
sliqjvs that in the case of trial No. 3 the temperature in the retort was 
lqwer than the temperature of the gases in the jipta^uptil nearly at 

thh*end of the distillation. 

• 

— Jemperatar e ol the waste gases from the fire. -Fig. 12 shows how these 
rise as the distillation proceeds, and in this case they follow fairly closely 
..the rise of /he temperature in the uptake. # Fig. 13 gi^cs a comparison 
of the waste gases in 'trials 3, 4, <nad 5. It clearly shows that jnore* 

u* in AJ/f vLwifb He hirTK fiVf* *han in Nns. 3 and 
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. Conclusions. — The conclusion arrived af from thy ^ puunuua 
that in the first part of the distillation it is undoubtedly better to use 
a Gmail fire. A good fire may be puj on until the retort begins to make, 
and it is then to bo turned low alid not raised above a small fire until 
aftei; the blow occurs. It has been shown that with a very small fire 
the retort makes acid rapidly at this period, and at, the same tj,me the 
. blow/ when it occurs, is a very mild one, which docs, nqt necessitate 
opening all the explosion doors with the consequent Waste of heaV. This 
fact of a good make of acid with small fire at the beginning is one qf the 
m,ost striking of the results of the experiments.- If a large -fire is put 
on, the distillation is quicker though not greatly so, as may be seen from 
Fig. io. The extra heat seems to be mainly used in overheating the 
sides and top of the retort (and hence the gases coming from Live retort) 
in heating the brickwork and in waste heat going out of the flue. The 
result of heating up the brickwork so much is that when the blow* occurs 
the retort is still being heated strongly when the fire is put out, hence 
the blow is a violent one, and it is necessary to raise all the explosion 
doors to cool the retort. Kven then a great deal of fume frequently 
blows out 1 of the retort. The raising of the explosion doors is another’ 
cause for loss of heat. The advantage of faster distillation is far more 
than’ counter-balanced by the disadvantages and* loss caused by the’ 
more violent blow and the greater quantity of gas used. Moreover, the 
retort requires close watching. If a large fire is on, the blow will begin 
au<J develop very quickly, and to prevent having very bad blows it is 
necessary to watch the retorts closely and consequently to employ more 
labour tiian would be necessary with the other mode of working. * ■ 

After the blow is over the make of acid usually decreases rapidly, 
consequently it is necessary to watch the manometer amFivave the 
fire lit or, raised, as the case may be, as soon as it indicates a negative 
pressure again. 

Prom now onwards the best procedure to be followed is not so"' 
.evident. By keeping the fire moderate until the end, the yield of stroftg 
.add is increased at the expense of the weak, but the time of distillation 
is increased by several hours. To maintain a constant make of acid 
all through, the lire would have to be raised very high towards the end, 
the amount of weak acid would be increased enormously, and utter 
tapping the retort would be left very hot and it would reqilire several 
hottrs’ cooling before it could be charged again, liven then it is* doubtful 
whether the make could be kept up to jts first value. At the same time 
the temperature of the gases in the uptake would be very high, wITh 
consequent high temperature of the condensed acid and danger of 
cracking the® i^'rery ware, also the decomposition of t the, acid would.be 
high ; above all the quantity of fuel used would be very great. * 'Fig. 14 
clearly indicates the difference in the fuel used in the two Trials 3 affti 4, 
and gives an idea* of the difference in driving fast at the end and going 
fairly slowly. ' 

•' ,Th^ most suitable method of working appears to be to' raise- the 
fire a Kttle at a time at intervals of about 1 1 hours, aftjpr the blow r is 

oyer,, but never to have more than a moderate fire -on (1,500 cubic feet 
• * . « 
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.The^fire should be fcp to this height at about <y hours after 
distillation commences, and kept |hore until j of an hourjjefnre tapping 
when it should be turned tfut. The retort should be tapped when .the 
acid has n gravity of 1*310 at 15° (. . It is strongly recommended that 
specific gravity of the acid should be taken after it has been cooled. down 
and not when hot, Turning over to the weak main should take place 
when the gravity of the acid is at 1 *450 at 15 C. The strength of the 
s 4 ;ronjbfacid shoula Lien be Q2-93 per cent., while the weak will be 6o-6*»per 
ceitf. 1 he distillation should take about 15 hours. No. 3 took 16? hours 
but 2% h®itrs of this *vas spent in heating the* retort up at first owing to 
its having ^een so cold to begin with. The time between lighting the 
fire juid beginning to^make should certainly not be more than 1 hour, 
and wfll nearly always be very in noli less except in cases where .the 
retort jias had to be loft for some time between charges. Allowing one! 
hour only for heating # up, the time of No. 3 is reduct'd to 15 hours 
Moreover the procedure recommended invMves higher firing towards, 
tkc end tlum was given to No. 3, so the time should not be mtwe 
than ^ the 15 hours. No. 3 had o-y per cent. I 1 N() 3 left in the nftre 
cake and this is high, but with the slightly increased firing recom- 
mended *his should be reduced to 0-5 at most. Further than tlii* ;t is 
not recommended d:hat the distillation should be carried, "as the weak • 
acul obtained is not worth the increased time and fuel. The time necessary 
between distillation to allow the retort to cool down varies somewhat 
wdh the atmospheric temperature, and is a matter of experience. With 
the moderate lire at the end recommended here it % will probably be 
possible to charge the retort as soon as the lid has been removed and 
the fume inside the. retort escaped after lapping. 

• Particulars of trials.- - The following are particulars of the five trials 
1 lie quantity of nitre used was in each case 1*50 tons. The Quantity of 
sulphuric acid used was in each cast; such that the ratio 1 1 ., SO,, :$JaNO, 
tvas 1*05 : j ■ 00, or as near as could be estimated at the time. 

I he available HN 0 3 was in each case calculated on the assumption 
that there was 99 per cent. NaNO a in the nitre. ’ • 


Analysis of nitrate of soda (wet) : — 
Ji 2 O - * - - - 

Ifisol. - 

N a„S 0 4 - 
NaCl - 

KC'10,j - - - 

NaNO, - * - * - 

*• • * 

pistnre*iji dry nitre 

* • ^ 

Analysis of gels 

^ - . 

CO - . - 

S a - • - - • o - 

:h, - * • 1 

* -V - . * - 


Per cent. 
2*0 
0*09 
0*48 

- o*8i 
0*04 

- ^ 9»-^9 

- 0*3 -o 


Per ccn 

5 *7 
22*8 * 
14*2 

4-5 

S2*8 
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' B.Th.U. per cubic ibot ... 162-5 — 9° C.H.U. 

Tempeiaturc of gas - - 45 0 C. „ 1 

Analysis of waste gases : — . r 1 Per cent. 

* co 2 - - - 7-9 

0 2 io-o 

Vacuum in waste gas flue - o-i inch of water 0 

7 'rial No. 1. 

Total time (fire lit until retort tapped) - 13 h*mrs 10 minutes , 
Time heating up (fire lit until distillation ; 

t commenced) - - - - 2 hours 

Mean temperature in uptake - - 116 0 C. 

Strength of sulphuric acid used - - 89-0 per cent. 

, .Strong nitric acid - - - - 92-$ „ 

(0 • 6 per cent. HNO*) 

Tons strong nitric acid - - - 1:070 

Tons HNOj .... 0-993 

'• Percentage on available HN 0 3 * - 90-2 per cent. ' 

Wegk nitric acid - - - - 58-3 

(trace HN 0 2 ) 

Tons weak nitric acid - 0-041 ‘ ’ 

Tons HN 0 3 - 0-021 

1 

Percentage on available HNO s - - i-g per cent. - 

Nitre cake H 2 S 0 4 - - - - 35-6 „ 

(0-2 per cent. HNC),) 

Tons nitre cake (calculated) - -2-18 1 

Tons UNO, in cake ... 0-0044 

Percentage on available HNO a - . - 0-4 per cent. 

Nitrous acid in nitric, acid : — \ 

0 Tons riN() 2 - - - 0*0063 -• 0-0084 tons 

as IINO., 

Percentage on available HNO a - - o-8 per cent. 

Total acid obtained (excluding HN0 2 ) - 92-1 

Total acid obtained (including HNOjj) - 92-9 ,, 

Total acid accounted for - - - 93 -3 ,, , « 

(HNO., and HN 0 2 in strong and weak nitric acid and *? 1 N 0 8 in 
nitre cake.) 

Trial No. 2'. 

Total time (fire lighted until -retort tapped) 11 hours 35 minutes 
Time heating up (fire lighted until distilla- ‘ 

tion coHmfcnccd)- - - - 1 hour 25 minutes. 

Gas used (estimated) ... 23,000 cubic feet; 

Equivalent to cwts. of coal - - 4-6' 

No. of times gas turned out - - 3 

Total jtime gas not buriiing - - - 1 hour 25 minutes 

IVleap temperature of waste gases* - - .. 122 0 C. 

Strength of sulphuric acid used •- * 87 *'9 per cent. 
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Strong nitric ag id *- 

• _ . • 

• * # • I 

Tons strong; nHric eL , u - . . - 

' Tons HNO a - - - 

Percentage on available HNO3 
Weak nitric, acid . - - 

• • • 

• Tons freak Aitric acid - 
• Tons .HNO 3 - - - 

“Percentage on amiable HN 0 3 

Nitre oake - 

• • 

Tons nitre cake (calculated) 

Tons HNO a in*nitre cake - 
Pdtcentage on available HN 0 3 
Nitrous acid in nitric acid : — 

Tons HNOjj 

Percentage on available HN 0 3 
Tcrtat acid obtained (excluding HNO a ) 
Total acid obtained (including HNC) a ) 
Total acid accounfed for 


• 29 

92- 8 per cent. ’ 

(0-3 per 5 ent. HNO a ) 

I • 02Q • 

o -955 

86-7 per cent. 

5»-3 .. • 

(o • 2 per cent. HNO a ) 
0-120 , • 

0 • 070 * 

6-4 per cent. 

H 2 S 0 4 34-7 per c«Tnt. 

(o-i per cent. HNO a ) 
2-21 

0-0022 % ’ 
0-2 per cent. 

o ■ 0033 o • 0044 tons 

as HNT) 3 
0-4 per cent.' 

93- 1 
93-5 
93-7 


Ttictl No. 3. 


Total tiine (fire lit until retort tapped) 

Time heating up (tire lit until distillation 
commenced) - 
(ftifTiised (estimated) - 

• Equivalent to. cwts. of coal 
No. of times gas was turned out 
Total time gas not burning - 
Mean temperature of waste gases - 
Mean temperature in uptake 
Strength of sulphuric acid used 
Strong nitric acid - 


16 hours 45 minutes 

2 hours 45 miuutes 
19,000 cubic feet • 

3-7 

; 

~ % 

56 minutes 
107'’ ('. 
iocj C. 

87*8 per cent. 

92-8 


TT( 5 11s strong nitric acid - 

• Tons HNO s - 

Percentage on available HNO a 

Weak nitric acid - *- 

• • 

t Tone* weak* nitric acid - 

• TotspHNO* - 
Percentage on available IIN0 3 
Nitre cake - • 

• • * 

* Tons nitre ,cakb (calculated^ . - 
Tons HNp s ih nitre cjke * ' 


(0-3 percent. HNO a ) 

- 1-0245 • 

•- 0-9504 

- 86-3 j>er cent. 

- <JO -3 

per cent. HNO a ) 

- '0-057* • 

- 0-0320 

- 2 -9. per cent. 

- H a SO^ 35 • 6 per cent. 

(o-o per cent. HNOd 

- 2*2l" ^ • 

- 0-0199 . 


t 
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' { 

Percentage on available HN 0 3 t • 8 per cent. , 

Nitrous acjd in nitric acid : — ' ( < ‘ ‘ ' 

Tons HN0 2 - - - 0*0032 o • 0043 tons 

. as HNO r 

Percentage on available 1 IN 0 3 - - 0-4 per cent. 

Yotal acid obtained (excluding HN 0 2 ) -• 89-2 • 

Total acid obtained (including HN 0 2 ) - 8o-6 

Total acid accounted for - - - 91-4, ' 

Trial No. 4. 

f ■- 

Total time (fire lighted retort until tapped)- 12 hours 
Time heating up (fire lit until distillation 
commenced) - - - - • x hour 

Gas used (estimated) ... 24,600 cubic feet 
Equivalent to cwts. of coal - - 4-7 

No. of times gas was turned out - - 3 

Total time gas not burning - - - 1 hour 6 minutes 

Mean temperature in waste gases - - 126° C. 

Meall temperature in uptake - - 124° C. 

• Strength of' sulphuric, acid used - -91-2 per cent. 

Strong nitric acid - - - - 92-8 „ 

• (0*5 per cent. UNO,) 

Tons strong nitric acid - - - 0-9588 

Tons HN 0 3 - 0-8898 

Percentage on available HN 0 3 - - 80 -8 per cent. 

Weak nitric acid - - - - 63-2 „ 

(o-i per cent. HN0 2 ) 

Tons weak nitric acid - - - o • 1443 

Tons HN 0 3 .... 0 0912 
Percentage on available i I N 0 3 - - 8-3 per cent. 

Nitre cake ----- 1 I 2 S 0 4 32-9 per cent. 
' (o • 7 per cent . 1 1 N 0 3 ) 

Tons nitre cake (calculated) - - 2-13 

Tons 11 N 0 # in cake - ... 0-0149 

Percentage on available HNO s - - 1-4 per cent. 

Nitrous acid in nitric acid : — 

Tons 11 N 0 2 - - ... 0-0048 ---- 0-0064 ton 

as HN 0 3 

Percentage on available HN 0 3 - - o-.6 per cent. 

Total acid obtained (excluding HN 0 2 ) - 89M „ 

Total acid obtained (including HNO a ) ’ - 91-1 
Total acid amounted for - - -91-1 , „ 

Trial No. 5. ' 

Total time (fire lit until retort tapped) - 14 hours 25 minutes 
Time, heating up (fire 'lit until distillation 
commenced) - - 0 - 1 hour 55* minutes 

jasrused (estimated) •<■ - - 23,000 cu,bic feet 

t Equivalent to cwts. of coal - - 4-6 
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• 

No. of times gas wa§ tumcd*out 
Total tlnfe gas no^ buttling 
Mean temperature imwtiste gases - 
Meat) temperature in uptake * • - . 

Strength of sulphuric acid used 
Strong nitric acid «- 
• • 

• T< 5 ns strpng nitric acid - 

• Tons.HNO, ... 

Percentage on arailablc HNO a 
Weak tytric acid # - 

• Tons weak nitric acid - 
( # Tons HNO s - 

Percentage on available UNO a 
Mitre cake - 

• Tons nitre cake (calculated) 

Tons UNO, in cake 

Percentage on ^available HNO s 
Nitrous acid in nitric acid : — 

* 'tons HN 0 2 - 

Percentage on available HN 0 3 
Total acid obtained (excluding HN 0 2 ) 

{ afcal acid obtained (including HN 0 2 ) 
ptal acid accounted for 


3 * 


5 minutes 
no ’ C* 

103° C. 

91-4 per cent. 

92 

(o-6 „ UNO N 

1-025 
0-951 

86-4 per cent. 

70-0 

(0-03 per cent. HN0 2 ) 

o • 064 

0-045 

4-1 per cent 
H 2 S0 4 *33 -c) per cepf. 
(i-i per cent. HNO.,) 

A 

0-0233 
2 • 1 per cfcnt. 

o-oo6i =_ 0-0082 ton 
as UNO. 

o*7 § peF cent. 

9° ‘5 
9 1 '* 

93*3 


Desiderata in running the retort house 


These may be conveniently summarised as follows : — 

1. High production. 

2. Good recovery. 

•3. Economy of fuel. 

4. A clean and well-kept plant . 

High production. — This will be secured by avoiding lyss ol time 

(a) Charing nitje and suljfliuric acid 

(b) Tapping and recharging. 

(d) Firing. 1 

Distilling. 

• 

Given the necessary labour the time between the end of one 
distillation trnd th£ beginning of another should not execed il hours. 

• Th£ draught oil tpe plant shpyld be very good, so that Jhe retorts 
•can be recharged* tlje moment .tapping is finished. As sowi as the 
• sulphuric acid, is in, all- dampers should be shut and a gootf fire started.’ 
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When {he retort begins to make, ( ! che fire should , be- turiied down 
very low or even extinguished. 

Good recovery efficiency.-- -The following points must be, watched 
carefully : — 

(a) Avoid leaks and blows. 

(b) I)o not distil at too high a temperature. 

(c) Keep the absorption towers working properly. 

Under this heading it should be noted that the' coefficient of 
absorption for N(_) 2 falls off very rapidly above a strength of $6 per cent. 
It would be well therefore not to tiy to concentrate above '5o per cent. 
HN 0 3 in the towers. - ’ 

Economy of fuel.— Far too much fuel is frequently used. The 
temperature should not be regulated by opening dampers, but by cutting 
• off the gas. A good fire should be used until the retort begins to distil. 
Immediately this occurs the fire should l>e cut down almost to a minimum 
and kept there for j hours. It can then be slightly raised tor another 
hour, arrfl after this gradually increased until after 9 hours distillation 
it is' rtf a moderate size. 

The fire Should be extinguished 15 minutes before tapping. 

Temperatures. 

1st 4 hours to rise gradually from 95' (’.-105° C. 

2nd 4 hours to rise gradually from 105° C.-120" C. 

3rd 4 hours to rise gradually from 120° C. T35 0 C. 

The accompanying curves, Figs. 8-15, are the means of^s^veral 
experiments and will show the inter-dependence of rate of acid make, 
time, and temperatures. 

Fig. 15 shows very clearly the point at which the retort should be 
switched on to the weak main. This point is 1*440 at 15 0 ('. Flic 
tfciqperatuie of the acid should be taken in several retorts and an average 
correction applied to all gravities. The finishing gravity should be 
1-310 at 15' C., the temperature correction being o-ooi per l° C. 

These results will be secured by constant and unremitting attention 
to every detail, by watching very carefully the firing of the- retorts, 
and .by organising the labour so that the “ dead time,” i.e. the time 
between the end of one distillation and the beginning of the next 
distillation is reduced to the absolute minimum. ’ 

STANDARD RETORT CHARGES 

Standard retort charges to obtain a nitre cake containing 30 .’per 
cent, of I 1 2 S 0 4 may be calculated from the following equations : — 

' NaN0 3 -p H 2 S 0 4 = NaHS0 4 fi- HN0 3 

85 98 c - 120 > ’ 63 

2NaN0 3 + H 2 S 0 4 ~ Na 2 S 0 4 : H 2HNO3 
170 98 i42. ’ 12b * 
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ioo p&rte ofoitre cake are eqlivalent to 30 parts of i I 2 S 0 4 , i.e. they 

. . 30 X 120 . *“ 

contain - = 73.5 parts of Na^SO,,. . 

Hence, the composition required — NaHS() 4 73-5 per cent. > 

Na 2 S()., 2()-5 

100 • o 

73-5 pans 01 waMM; 4 are derived from - 

• 

X 85 — 52 parts of NaN() 3 

and • 

.73 ^ ( )U p ar f s h so. 

26-5 parts of Na 2 S0 4 are derived from 

X 170 -- 31-7 parts of N<^0 3 

% and 

X 98 = 18 -3 parts of TI 2 S() 4 

Hence, 10 oDtain ioo parts of nitre cake of 30 per cent, acidity as 
HJS0 4i the following quantities should be used, viz. : 

Pure sodium nitrate (52 j- 31*7) — 83-7 parts. 

Pure sulphuric acid (60 I 18-3) = 78-3 parts. 

• •F®r one ton pure NaN 0 3 , =. 0-935 tons pure H»S 0 4 * 


• The following table shows the amounts of sulphuric acid of various 
strengths required per ton of crude nitrate at varying degrees of piu^t^ 
which will yield a nitre cake containing 30 per cent, acid, reckoned aS 


free H 2 S 0 4 : 

• 





Purity or 
Oi<(/f N&tute 
of Soda. 
Percentage 

* 7 taN 0 9 . 

* Amounts of Sulphuric Acid required tor i 

Quantities* in Tons. 

: ton oj Crude Nitrate. * 

100 per cent. 
H t SO r 

95 per cent. 
HpSO v 

94 per cent. 

93 per cent. 

• u,so t . 

92 per cent. 

'Per cent 

98 • 

% 

• 

• 

?■<£(> 

0-90.; 

«'-975 

. N . 

0-985 

0-996 

» 97 . 

96 

0-90f 

0 ' 955 

0-965 

<>•975 

0-986 

0-898 

0-946 

0-950 

0 -*>66 

0-976 

95 

o-888» 

<>•935 

"•<)t 5 « 

<>•955 

0-905 

94 

0 • 879 

0-925 

<>•935 

0 1 945 

• <>-955 

93 

0-870 

0-9I6 * 

• 0-920 

0-936 

• 0-940 

92 

0 • 86cf 

0-905 • 

• 

*- " 

* 0-915 

0-925 

*o -935 

. % 
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Diagram for use in charging nitric acid retorts 

Fig. 16 shows a useful form of cli .rt for use in charging nitric acid 
retorts, and is self-explanatory. 


Composition of sodium nitrate used 


R ipresentative samples of two consignments of sodium nitrate 
(Cnili saltpetre) yielded the following analyses : - 




I. 

II. 

Sodium chloride - 


0-69 

0-90 

Sodium chlorate - 

- 

0-02 

' 0-03 

Sodium sulphate - 

- 

0-21 

o-i«; 

Potassium chlorate 

- 

- 0-«43 

0-025 

Calcium salts 

- 

o-oo 

0-00 

Insoluble matter - 

- 

0-16 

0-04 

Moisture - 

- 

I • 98 

2-03 

Sodium ni‘ rate (by difference) 

- 96-89 

96-85 


The variations in and mean values of the analyses of these two 
consignments covering a period of one month were- ■ 

j . 11. 


Sodium chloride - 
Insoluble matter 
Moisture - 


variations 

mean 

variations 

mean 

variations 

mean 


0-39-1-10 

o-8i 

o • 03- 1 • 80 

0- 14 

1- 46-4-03 

2- 8 2 


o'- 67-1 • 17 
0-84 

0-04-0-27 

0-13 

2-03-2-8 

2 ^ 0 / 


Determination of conditions for maximum output, condenser 

EFFICIENCY, &C. 

(Experiments carried out at H.Al. Factory, Queens Ferry, using Hart 

condensers). 

A series of trials were carried out at Queen’s Ferry to determine— 

(1) The maximum possible output. 

(2) Recovery efficiency of the condensing plant. 

(3) Optimum working conditions. 

The arrangement of plant is shown in Fig. 17. 

It is desirable that the receiver should have a capacity of not less # 
than 40 gallons and have an outlet pipe of li inches, otherwise there 
is choking when the plant is worked at its maximum output. 

Arranged as shown, three cycles were carried out in one retort in 
25 hours, that is, 3 >: 2-25 = 6-75 tons of nitre were decomposed. . 

. A Ca'mbridgc thread recorder was used in conjunction with two 
resistance pyrometers, one being inserted through the uptake and 
Situated centrally in the pipe, whilst the other was placed in the vertical, 
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12 inthes X 9 inches, waste gas flue at a Doint ah out a inrh# s f rom the 
grpurid level. 

Working conomons.— working ctaylitions. were copied as closely as 
possible. Thus, in all cases except one, the experimental charge was 
starte® almost ipmiochately after the preceding charge was tappt® to 
ensure a warm reteft. 

In rfhe case? oj eftarge 4, the retort -was allowed to cool foj aboij* 
thfee -hours b(^ore charging -the effect of this is discussed in the 
paraC£raph^' # Deductions from experiments,” vide infra. 

Measureifi^t of raw materials. -- The nitre in each case was weighed 
-very ^carefully, and the weights can be guaranteed to within 7 lb. 

A sampled each change was taken, and these mixed together and analysed. 
The tfsult being :- NaN0 3 , 98-00 per cent, by nitrometer on .the dry 
salt; moisture, i*5#per^ cent. This gives NaNO ;j in moist nitre as 
06 *5 per cent.; the figure 97-5 per cent. w 4 s used in calculating the 
sulphuric a$jd charges as the analysis was not carried^out until tire 
distillations were completed; the correct figure is 1 tfsed, however, for 
# the estimation of nitric acid recovery. * • • 

The, nitrometer method for determining the percentage of Na*N 0 3 
clearly the analogue of the process involved, and this figure should 
be taken as correct in preference to the refraction figure, which is always 
too high* * 

9 Optimum conditions of process. -Ideal running in a nitric acid plant 
requires : — " 

(1) Short time of cycle. 

(2) Large percentage of strong acid made. 

(3) High percentage of HNQ 3 in this strong acid. 

(4) Maximum recovery in condensers; the corollary being 
minimum recovery in absorption towers as weak acid? - 

(5) Dead time a minimum. 

Short time of cycle . 

It is always necessary to know the maximum possible output of 
anyVmit of plant, so that emergencies can be met by increased output. 

}Vith # a view to determining this limit, charge 2 was started in a hot 
rdl&rt.^and a full lire ke.pt on throughout the run, the time* occupied 
from commencement of charging to the finish of tapping wa? 7 hours 
45 minutes; charge 3 was run in immediately afterwards, and had a 
cycle* of 7 hours SA minute** ; the refort was again charged and run 
'together with the other units under the supervision of 4ie sjiift chemist 
withouf individual 'attention, this charge occupied 9 hours 30 minutes. 
Thus! three complete charges, each of 2-25 tons of nitre, wen* distilled 
and tapped in # 25 hours. • • 

b The ijiaximum Autput of a retort on th#< Hart system ns installed 
at Queen te Ferry can.brf taken therefore as 4 tons of HNt.) 3 j*er ^lay; • 

# * The term ctycle t alien throughout this report as the period elapsing from thef 

commencement of charging to the finislTof tapping. 

• 15008 * * 
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this might' be increased by running r larger charge thqn ( 2;.25 tons of 
nitre. , • . * 

t » , 

Large percentage of strong acid. 

,()n the assumption that the acid from the third pair of headers goes 
to the strong main, the best result was No. 4, which gave 96*5 per cent, 
.strong acid expressed as HN() 3 ; Nos. 5 and 6 .also gave high values. 
But in these cases the total recovery was low, which tends to negative 
the otherwise good results. < ' 

, The meaning and causes of these results ar.e discussed, under the 
heading of “ Deductions from experiments,” vide infra. 

• High percentage HN 0 3 in strong acid. 

No.' 4 was again the best with 92-2, but none gave results a c high 
As might be expected, viz., 93-94 per cent. The low value of No. 5 is 
'doubtless due Jo the low value of the sulphuric acid, which was caused 
by the sulphuric acid mixing plant not being able to supply 92-5 per 
cent. a<id on account of the freezing of the 98 per cent.; acid line, due > 
to cold weather. 

1 * Dead time a minimum. 

As a rule this is taken as meaning the time elapsing between the 
finish of one cycle and the commencement of the next ; as the retorts 
are recharged immediately a charge is finished, the dead time is reduced 
to a few minutes per charge provided the supplies of nitre are forthcoming 
and the labour is fairly smart. 

A more useful reckoning would be to count dead time as the sum 
of the time elapsing between the start of charging and the finish of 
tapping of the previous run, and the time actually occupied in charging 
and tapping. Table No. i shows that this time was executed regularly 
in r hour 15 minutes, which is fairly quick, the nitre charge being in 
position, and the cake pans empty as their turn came for use. 

. « The removal of nitre cake is a serious factor; in the case of the 
three fast runs, the cake from the previous charge, was not cool enough , 
for removal when the next was ready to tap, so the cakes were run on 
top of the previous one, which had been liberally sanded to prevent 
sticking. 

’ \{ ti$ time of. cycles vs cut down much. from tiveu present value , ‘it 
\v\W be. found necessary to surround tiie. c.aVe-p'aus wvtiv do fiber \ 

quicker cooling. > , , . . , , 

No. 6 charge was delayed .* hour 10 minutes .for tapping, in 
other case* fpeda! arrangements for accommodation qf ca,ke wcro.nKjde, 

Deductions from experiments. From examination of Fig. 1$. wliicl 1 
comprises the tabulated results of the various charges, it will be seen-- 

(1) Jhat high sliced of distillation does Mot necessarily mear^ 
lpw recovery ; # \ , ' V . , 

• (2) That sticngth of strong acid bears.no relation to speed 

of distillation ; ' ' 




MaJby&Sor&iftt 




fta t e of make in kifo ,£ nams per* minute. 
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* (8)*TJ>pt percentage trcoverv and strength of strong acid 
appear infer-dppen<jq£t ; * * • 

(4) That high temperature of waste gases from retort flue 
varies with (3) above. * 

This last important. deduction is dear at once from the pyrometer 
charts, Fig. *19. 4 n the case of charge No. 4 (the best from point of 
view oi perccnttigy recovery, percentage oi strong, and percentage Hj\\% 
irf strong) the flue gas temperature was below 140" C. during the greater 
part of the. distillation , and was for a greater part of the tinip less than 
the up-talte temperature. The reason for this is directly ascribed to 
the fact that the retort was allowed to cool for two or three days before 
the charge. was started* in all other eases there was no such stoppage. 
The result of this being the cooling of the upper part of report and* 
surrounding brickwork. 

Charge No. 5 was the worst for recovery, and pem nhfgc 1 IN()j k • 
this latter is attributed to a slight extent to the weak* sulphuric ac£d 
cnJployed^fht. the flue temperature was tSo ('. to 210 (., the highPst 
value reached. ^ • * 

Charge No. 5 had a flue temperature of 170' C. to i£o" C., and *the 
( next wobst recovery ^ • 

’ These results poiiri conclusively to the fact that if the top of the 
retort ayd surrounding brickwork are allowed to "get abov e 140" C. 
«s shown by waste gas temperature, then considerable decomposition 
of*thc acid vapours takes place. . * 

m The upper two flues do not contribute to the iurtherafite of distilla- • 
Tion, but merely to keeping the upper part of the retort warm, preventing 
condensation of acid, and subseqent corrosion. 

11k; methods that can be adopted to prevent this •' crajktng ” of 
The* acid vapours are as follows, viz., by altering the flue jonslruetiyn. 
so that the top of the two flues are in parallel to lower two, and by 
inserting a dainper so that only sufficient hot gases can be a dip jt tec! 
t" kee]) the top of the retort at a reasonable temperature, the main part 
of Ihe heat passing through the lower two flues and consequently being 
concentrated on the lower part ol flic rot ml where it is required to assist, 
•distillation. . 

* Gas firing. The stack draught, measured on the dawntake 

te<Uu%n:un flue, was fairly constant at the 0-15 inch of water, occasionally 
rising to 0-20-0-25 inch tor shorter periods; this draught is sufficient 
to gft-e good distillations provided that the gas pressure is maintained 
at 1. inch, as was the* cp.se during the c?$erimciits. 

, . An average gak sample was taken during tljp runipng, of charge 2 
by foehns of ;fn aspirator from the cleaning hole of the gas valve, at 

the Bate of about i 4 itre an hour, the result was 

* . • Per cent. 


h 2 

ch 4 

N t . 



- * 4-9 

- 63 *b 
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•Analysis of flue gases during the charge gave — 


Hours of distillation. 


Percent. C 0 2 . 

Per cent. (> z . 

2 hours 0 minutes. 

- 

- 12-8 

' 

2 30 

* 

W 

O 

9 

< 9- 6 

2 „ 40 

- 

- 13-2. 

- 5-6 

3 >» 0 »' 

- 

- 14*0 

• 4-3 

4 » 0 » 

- 

- 10-0 

.. 8*c 

4 < > » 3 ° i* 

- 

- 13-0 

- 3-6 


The fires were constantly attended to, and an openirig of £ inch for 
the air slide was found to give maximum efficiency. The- above C 0 2 
' figures amply demonstrate the good working of the fires. 


■ Gas consumption.— An attempt was made in the case of No. 5 run 
to estimate the amount of gas consumed during the charge. The method 
employed was as follows : — 

A continuous sample of the producer gas was taken by an aspirator ' 
from the cleaning hole of the gas valve, at about 1 litre an hour. At the 
same time a sample of the burnt gases was taken f-om the back flue at 
a spot just below the pyrometer, so that the temperature of the gases, 
passing through the sampling, could be ascertained. 

4 These two samples were started as soon as the lire was lit, uk^ 
stopped whoa: if was turned out. 

Both gas samples were carefully analysed, and these, togethel 
with the average value of the velocity of gases in the flue, taken by 
an anemometer, gave a value for the gas consumed. 


Results': - 


Average value of producer gas- 

Per cent. 

co 2 .... 

- 4-6 

CO .... 

- i6-o 

H 2 

- 8-o 

ch 4 .... 

- 3 - 7 < 

N» - 

- 66-8 

Average value of waste gases — 


1 

* Per cent. 


cp 2 

0 2 


-• 6-5 

- io* 5 


Average velocity of gases in flue, .corrected to 15 0 C. = 5*51 ft./sec, 
the cross-sectiopal area of fhe flue being 108 square 'inches* 

.Time 'during which fire was alight = 8 hours! 45 minutes.' ico volume 
,of producer gas of above composition yield, on combustion, 25*2 volume 
of C 0 2 . 
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Vt)lume # Qf waste gases passing through flue per sec. 

5-51 x IO& • .% ^ , 

= — = 4*13 cubic* feet per second. 

. 144 • # 

Since 6-J5 per cent, of this is CO a , and as the fire is alight chiring 


31,500 seconds, tofaf volume of C 0 2 formed is — 

M^lXo-5 
• 100 


X 31,500 ~ 8,456 cubic feet. 


Since* 35 *2 cubic* feet of C 0 2 arc formed from 100 cutic feet of 
producer gas, • 

Producer gas consumed =_ 33,560 cubic feet. 


The usual figure taken for the volume of t producer gas formeji from # 
a tbn of coal is 140,000 150,000 cubic feet at N.T.P., bijt as the gas i£ * 
lotv in cai*wm monoxide, the higher figure will be taken. •* 

O11 this assumption, coal used - 0-224 ton and sinc<j tl*e HN 0 3 
produced was 1-331 tons, then coal used per ton IJN 0 3 produced 
-=o-iG6ft>n. # 

R The average ftgure for tons of coal per ton HN() 3 for period 
17th November iyiUfo 17th December 1916 is 0-3^7 ton for the Fart 
•retorts. AJlowing even considerable margin for experimental errors, # it 
is # quite evident tl'iat the fuel consumption can be considerably cut dcflvn. 

Saving in gas can be effected by greater attention to firing. Under, 
existing conditions the fires do not receive the share of attention they 
des&'ve as the prime movers of lh'* whole process. 

• fhe proper manipulation of gas firing requires skillgd* labour. 
Wfien these tests were carried out the care of the fires was almost wholly 
in the hands of girls, who were quite unsuited for the work, exc^>t for 
swell things as cleaning out the valves. •• 


Nitre cake. — As seen from table. Fig. 38, the acidities of the nkre* 
cakes were rather irregular despite the gicatest precautions with measuring 
•thn nitre and sulphuric acid. 

In <«,cii case the sulphuric acid was sampled and analysed; the 
lefrihtiing factor, which is variable, being the percentage of moisture 
in the nitre. • 

*The charges of sulphuric acid were calculated on a 97-5 per cent. 
NaN 0 3 basis, and in every case except$No. 3 this proved too high. • 

• # As was pointed out in the section on raw^matepals, the average 
■^Cm&ysfci of th6. # nitre diarges was 98-00 per cent, of NaN 0 3 on the dry 
salt*by. the nitrometer, and 1-5 per cent, of moisture. Phis corresponds 
tn 96-53 per cent, of NaN 0 3 on the moist nitre. • 

* It i^cpjite impossible to get cakes reguiarly low n>H 2 S 0 4 until the 
nitre anti sulphuric acifi are both standardised. If the drier is >\prKtedr 
Efficiently, tike moisture variation £an bfe eliminated, and the remaining 
factor is the sillplfuric acic^, with regard to which the chemist in charge 
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must knoW the strength of acid he is being supplied with at the 
moment. If large mixes of feed acid we v e made at a time, and this 
properly sampled and analysed, there is no iehson why cakes containing 
29-30 per cent. H 2 S 0 4 should not be the rule rather than the exception. 

Nitric acid in nitre cake. — The presence of nitric acd in the cake is 
undesirable from the point of view of the nitric acid manufacturer, 
a^ it is a cause of loss of acid, and also from the poini of view of the 
nitre cake consumer, since it acts as a troublesome impurity. 

When charge No. 1 was run, it was the practice on the plant to 
tap at a gravity of distillate of 1-340, not taking the temperature into 
account. Charge No. 1 was tapped at 1*340, the temperature of the 
acid being 70° C., and the cake was found to contain 1*15 per cent. HN 0 3 . 
Subsequent charges were tapped at lower gravity, but all contained 
more or less nitric, the lowest being No. 2 with 0-15 per cent. T'iN() 3 , 
.which was tapped at 1*270, the temperature in -this case being 87° (\ 

% If cakes tree from nitric are required, it is necessary to make a 
temperature correction, or to specify a specific gravity cbj 1 espondmg 
to the maximum temperature likely to be reached, the former method 
would be most economical from the point of view of saving time. 

It would seem that to tap at 1*250 regardless qf temperature would, 
give good results, but far better would it be to /ap at 1*350 at 15 0 
allowing a correction of 0*008 for every 5 0 C. 

In the same way, the point at which the retort is 1 hanged to wt^ak 
should also be corrected for temperature, 1*470 at 15 C. has been found 
to give goodhesults. - , 

The functions of the 3rd pair of headers. The figures show * that 
the 3rd headers deliver acid only at the period of greatest make of the 
first two headers, and then it is an acid of average strength (>2 • 7 peV 
cental INO a . It is to be expected that these headers would give strong 
acid, since weaker acid, having the highest boiling point, would condense 
in tuc first two banks of tubes, and the stronger arid of boiling point 
80^-90° C., would pass on to the third headers. It is clear that these 
headers should be connected to the strong main instead of to the weak. 

The very high percentage of nitrous in this acid is most marked, and 
is due to the low temperature prevailing in the third header. It was 
found that the temperature at the exit to the fume main was psualjy 
about ia 1 C., occasionally falling to 5" C. when the cooling water was 
particularly cold ; at the time of maximum make this temperature would 
rise to 2 o°- 2 ^' C. These low temperatures are quite .sufficient to condense 
large amounts of N 2 () 4 . The only way to reduefc this would be not to 
cool the thirtl header at all, which would doubtless lead to slightly higher 
losses to the absorption towers, but would seern the only' method 
available where nitrous is an objection. ^ 

Acidity of gases to fuq£ main. --'The percentage of gases soluble in 
caustic ?„orid, in the exit to the fupie main from ,the third* header, *was 
determined by the Orsat apparatus, also the amount of free oxygen 
present. * 
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'•The deterniinartions were made just after a slight blow* during the 
running of charge’No. 5, the^teadv fall of the acidity shows the cessation 
o! the blow:— • ' • 

Percentage of gases Percentage of 
Time. soluble in NaOH. oxygen. 


During blow, - - 43*4 

10 Inin utes later - - 26-4 

20 j, - 17-2 

3® „ r, - - q-o 

„ „ - - 6-o 

1 hour 25 minutes - - 5-4 


11 -0 

16- 2 . 

17- 2 
i8,-4 
20-2 
19-8 


The source of the free oxygen is a matter of surmise, considefing, 
the yoer draught it is hardly likely to be air which is sucked iit through 
joints, so presumably it is due to decomposition of NO*. • 

The draught on the flue was not sufficient to get an anemometef 
reading, fll "an investigation would have bern made in this direction with 


a view to getting a value lor the losses to the absorption pn\aPrs. 

Sumo&ry 0! conclusions and further trial run. — These experiments 
’ indicate very clearly that the condensing system is very good, and that 
the gas firing and g(#iTral arrangements of the flue* are efficient. 'Thus 
•three completecycles are performed in 25 hours. 

• Further improvement hi this direction seems neither advisable 
lipr possible. ^ #• 

f It is not ])ossi> le because the nitre cake cannot be removed sufficiently* 
fast* and it does not seem advisable because destructive distillation 


undoubtedly occurs when retorts arc forced beyond a c ertain spc*xl. 

• Filfther, the wear and tear on the plant must be considered. The 
lirst desideratum is that the plant should produce the reuTured tflhnage 
(If HN 0 3 . 

The maximum quantity required is taken as 2-8 tons HN 0 3 per 
retort per day. 


, . This tonnage would be produced by a cycle for tons of nitre of 

i4*hours, so that in working for a 12 hour cycle should be well within 
the requirements. • 

The 12 hour cycle could be divided into 8 hour for distillation* and 
4 hour for other operations- a fair allowance if more rapid methods of 
removing nitre cake; from flic nitric acyl factory are adopted. # 

# Analysis of tire results shown in the table indicate clearly that the 
J»s 5 of HN 0 3 is too high. • # 

• •Since this loss is caused by decomposition of HN() 3 in accordance 
with the following equation — • 

• 4 1 JN 0 3 - 2 H 2 0 + 2N(* 2 + 0 ., 

The aci^ condensed in the Hart «ondenser must be waakef than 
it would otherwise* be. * 
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Thus We have — 

(1) f Actual loss of HN 0 3 . 

(2) Additional consumption of o&iim sthd subsequent addi- 

tional sulphuric concentration consequent on the formation of 
water in the retort by decomposition of HN 0 3 . This decom- 
position can be caused by (1) too slow a distillation; and (2) too 
rapid a distillation. 1 

In between is a set of optimum conditions which can be regarded 
as being embodied in, and guaranteed by the results of the large scale 
experiment detailed below. 

Six retorts on a separate main were taken and put into a reasonable 
order. , » 

These were charged in rotation at intervals of two hours. The acid 
made was all run into a pair of lead receivers. At the end of tharun 
this acid was carefully agitated by means of an fiir jet and was carefully 
sampled and measured. 

. Since these lead tanks lyid been accurately calibrated,. ♦he figures 
given ca:i> be taken as representative and reliable. 

Method of firing ' " Immediately after charging, each retort was 
fired heavily, and as soon as distillation commenced the fire was cut 
down to a quarter fire and the distillation allowed to proceed for four hours 
under its own heat. • 

At the end of four hours the lire was gradually ^increased until 
distillation was finished. 


Retort 

Charging | 

( fun gi ng 

Instillation 

T)istillatioii 

Time of 

Sp. gr. of acid when 

No. 

racnccd. | 

1 finished. 

i__ 

com mcmed. 

! stopped. 

i 

distillation. 

distillation stopped. 

| 1 


p.m. 

p.m. 

1 p.m. 

a.m. 

li. m. 

| t 

11 

5 J 

3 - 3 “ 

4 -i» 

4-55 

12.15 

7 20 

1-310 

3 '1 

1 4-55 

535 

6.10 

3 -i 5 

<) 5 

1 -310 

4 . 1 

1 O.45 

7.20 

7-45 

2.30 

•j 45 

1-310 

2 1 

8.30 

9.10 

10.25 

7-30 

0 5 

1 • 280 

t 


10.5 

10.55 

7.40 

« 45 

1*310 

T 

' 

10.5 

10.40 

n -55 

1 

8.20 

| 8 25 

i 

1 

1-310 


0 

Average time of distillation — i 

8 hours. 

“*■ 1 ■> 


-*■ > 

"Make of acid. —Lead receivers Nos. i and 2 were emptied as far 
as possible for this test. They contained the following HN 0 3 before 
starting : — 


No. i -if inches at 84-2 per cent. , 

and 1 • 475 S>p. gr. c .... 0-27 ton IINOJj. 

No. 2 : — 1| inches at 81 -I per cent. HN 0 3 
and1-465sp.gr. .... 0-22 ton HNO a 

% ' 

# '-Total - - - - 0-49. toij HNO s 

* — , 

. No. i Yec^iver was used first and was filled to 30^ inches by 2.20 a.m., 

when the run was turned into No. 2. 
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N°. i # receivcr \vas agitated \yith a single air-jet for Hours, when 
samples were tak£n by mrtwtis of t glass dipping tubes; No. 2 receiver 
was treated similarly.® 

No. x receiver. 

S-aboratojy analysis 

HN0 3t qo • j*ir cent. "1 f go-o per cent. llNO a and 1*49-2 sp.gr. 

JiNO t , 4* per cefil. V30J indies at < 5 ■ (»i tons acid 1*492 sp. gr. ^ 

, Sp. gr. at i5 a T. 1 *492 J l 5*05 tons HNO, 

No. 2 receiver* f 

Laboratory analysis : — 

HN 0 3 iSj*3 per cent. ") f N 3 > per cent. UNO* at 1 *473 sp. gr. 

i^Q* trace per ce*it. ^2jf inches at ■' 4 27 tojis acid at 1*47} sp. gr. ' 

Sp. gr. at 15" C. i*473 J I 3*55 tons HNt) 3 

Declucl quantity in receivers originally, which gives 8-n tons 
li Nj 0 3 as produced. * » ’ 

* Quantities charged —=13-5 tons of nitre at 97 per cent. NaNX) 3 
= 13*1 tons NaNO.j, which are equivalent to 1 }-i X 0*741 =- 0-707 of 

UNO.. ** ' 

• • 

Quantities produced and condensed. 

From 1st headers .... 8- no ton, 

*From :>rd headers - 0-276 ton, 

i 

• 

/i'386 ton, 

. e 86*6 per cent, recovered by condensation. 

recovery of 86*6 per cent, by actual condensation is reasonably 
[0<)d, # and if to this be added 5*5 per cent, estimated recovery from the 
Lbftorptfon towers, the total yield in these experiments is nor less than 
)2 • i per cent. — a good figure which may be regarded as iJbtli de$rable 
Lpd obtainable. 

Nitre cake acidities. —The irregular leeding of the Cummer drier gi* r es 
l dry nitre of varying, moisture content which would not be detected 
)y a daily sample. 

• # This # variation Las 2 per cent, limits- sufficient, in fact, to upset 

carctul adjustment as is necessary for controlling the nitre cake 

icidity. 

if roller feeds are installed this variant should disappear. 


A consideration oj aesirea economy %n nuru ufid majiufdctitrc at 
1 Queen's Ferry. 

*Tl£ree Hart retort houses 150 tons HN() 3 daily. # 

For fortnight (jjnding December 19th, 1916, loss of T 1 N 0 3 at liait 
house wife 11 per cent* and the coal consumption ^24 ton per tyn^ 

qfflNO; • •• • 

# Average hitre fake acidity 32*5 per cent. H 2 SQ 4 . 
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Nitric acid, losses. 

\ | 

Assume s 6 per cent, loss of ' HN 0 3 ip. , representing fair working, 
we have an additional loss of 7 per cent. 

On the total ultimate HN 0 3 "output of the factory this would be 
10 ‘S tons daily. “ 

.•. HNO s losses = 10*5 tons per day. 

■* 

f. 

Fuel losses. 

“ The figure 0-24 ton per ton HN 0 3 is too high — o- 15 should be 
obtainable. 

/. avoidable loss = 0-9 ton of coal per ton of HN 0 3 , or .73-5 tons 
• per day. 

e Sulphuric acid loss in nitre paket 

Assuming 29 per cent, as a reasonable figure. 

Our avoidable loss --32-5 — 29 — 3-5 per cent. H 2 SG.j on nitre 
cake. ’> , v 

. Present approximate daily weight of nitre cake — 2(10 tons. 

'» 1, 2G0 

loss of H 2 S 0 4 -- - x 3 ’ 5 = 9 ‘ 1 bins of H 2 S 0 4 . 

Total avoidable losses per day on the ultimate output of the three 
retort houses and based on past working of the Hart retort house. 

By ilNTO s losses - to • 5 tons per day. 

By fuel losses - - - 13-5 tons per day. 

By nitre cake (H 2 S 0 4 ) - - - 9 ■ 1 tons per day. 

The value of the attached investigation and the necessity, for, tin 
immediate application of the principles enumerated is strikingly shown 
by thV.se figures. 

• Further report on nitric acid plant with Hart condensers 

Rffleianey of condensing system. — This was determined by - 

(x) Actual measurements of acid recovered from absorption 
towers. j • , , 

„ (2) Physical and chemical determination of the velocity 
and composition of the gases entering and leaving the towers. 

ft will be seen that concordant results were obtained, which pointed 
to efficient vyorking. 

Velocity of gases' 1 in 9 inch main entering towers =* b- 92 fJ'et pc. 
second. ’ ■ ■ 

Velocity of gases entering ejector (1.2. leaving last tower) — 17- 1 feet 
per second. 

( NQ 2 = 3‘4 per .cent, 

] N p .= nil., 

( 0 2 a- 19*4 per cent. 


Gases entering towers 
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Lrases leaving towers 


■f 


NO. = 0-4 pfer cent. 

NO — nib 

0 2 - 20*6 per cent. 


• 4N0 2 -f 0 2 2H 2 0 =. 4HNO. 

i.e. 2»-2 litres give 63 gm. HNO n . 

... .* * 

1 litre gives em. 

• *22 *4 0 

cubic* foot gives 0 . 17 = p, 

.• * 22-4x454 /T> 

Volume of gas entering towers per second through the 9 inen pipe 

= -.Cross-section X velocity. 

= 0-442 X 6-92 cubic feet per second. * 

— 0-442 X 6-92 X Co X Co x 24 = 264,200 cubic fect*per day. 

Of this, 3-4 per cent, is NO z , i.c. “~^- 2o ° — ^ 4 _ 8,990 cubic feel 

* , m I OO ' • 

per day. • 

equivalent weight of HN() 3 entering tower-fx-r day 

8qqo x o-i7s 

= - 22 J 0 J - - ton HNO a 

Similarly, vplum£ of gases leaving towers * 

0- 422 X 17- 1 X 60 X 60 X 24 X 0-4 x 0-175 «• 

100 X 2240 ^ ' Z k A ^° n 


HN 0 3 formed in absorption towers 0-504 ton HNO a 
Average daily production = 48 tons JIN() 3 

HN 0 3 recovered in towers — °. — — ~ IO<> — j -05 per cent. 

48 

HNO s lost through exit -- - 2 °' t ~ I -° <> = 0-43 per cent. 


Actual measurements over a period of two days gave 

1 st clay. — 2- 18 tons at 76-18 per cent. — 1-7 tons IIX() 3 
2 nd day. — 2-4 tons at 82-6 per cent. 2-0 tons UNO * 

ITuring this period acid produced was 96 tons UNO., 

«• Acid from towers — 3-8 per cent, ot total. 

.This includes the acid, condense^ in the 3rd header, wliinh by 
measurement was foifhd to be approxnnatelv 2 per rent n { total 
J»»&]!e. • , • 

. _ ’Acid rrftidc; in absorption lowers — i-8 per cent, of total. 

It is evident therefore that ,011 the two days in question the retort 
house was being run quite efficiently. As a matter of fact the recovery 
for Jhat week was 95 pep cent, of theyry. * * • 

* The remaining ,3 • ? per cent, loss can be partly accounted f8r by 
leaks and by formation of unrecpvefrable nitrosyl chloride (NO€l). • 



46 


•MANUFACTURE OF NITRIC ACID 


Pad economy and the life of the plant. — In the preceding report the 
pyrometer determination of the was^e flue gases and of the nitric acid 
vapours pointed to superheating of the latter.' 

A series of temperatures on several retorts were taken therefore, 
and.jthe results are shown on the attached graphs (Figs. 23-28). 

They show clearly that superheating does occur. 

Conditions . — The whole of the retorts were run as usual by a shift 
of girls and men, in charge of a shift chemist, all of whom had considerable 
experience with the plant. 

In no case, except in one instance especially noted later, was any- 
thing altered from usual working conditions; the data being obtained 
from several retorts over a period of days and at the convenience of the 
• observer. 

Experience on uptake and cascade pipes . — The observed temperatures 
on the uptake pipes appeared to be rather high, so several samples of 
the gas were examined at this point for nitric oxide (NO). 

It was found to be a rather difficult matter to obtain anything 
like a constant volume of gas in an Orsat apparatus owing to condensation 
of fiftric acid iii the capillary tubes, &c., so no figures are given. 

in no case was any trace of nitric oxide or oxygen detected. Mano- 
meter tubes were inserted before and after every bend in the cascade 
pipes and carefully observed. u 

r No difference in the manometer readings could be detected, so that 
apparently t r he tends on the cascade pipes are sufficiently wide to prevent 
gas chokes. ' ' 

An earlier report contained a suggestion to by-pass the waste gases 
hi order to prevent superheating of the top of the retort. 

Superheating of the top of the retort can be partly controlled by 
reducing the* speed of the gases in the waste flue. 

Curves are appended (Figs. 23-28) showing the relation between the 
“ age ” of the retort (time taken when the charge, complete with the 
sulphuric acid, is in and the fires are lit) and the waste flue temperature. 

On the same sheet is plotted a curve showing the relation between 
the age of the retort and the temperature of the acid vapours issuing 
therefrom. 

The whole of the curves show one complete cycle of the et&it. 
Fig. 27 appears to yield the. best result. It is a retort already mentioned, 
the furnace of which was especially attended to by the chemist in charge 
of the house and a carbon dioxide value oft 10 per cent, obtained in the 
waste gases from flue. 

1 1 is seen that the temperature of the uptake never exceeded 153 0 'cr- 
aft cr distillation had commenced, the higher temperature recorded for 
the first two hours being due to the- previous charge. Similarly the 
highest temperature recorded in the waste flue was 215 0 C. when 
distiflati )ii was complete. The time of cycle wafe 11J hours. « 

Fig. 2,8 records the shortest cycle, the time being'in this case hours. 
The temperature of the gases leaving the retort oscillates a good deaf, 
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and if finish qt temperature o£ 190° C. ; the highest temperature of 
th§ waste flue ga'ses wqs ajso recorded immediately before the finish, 
when it rose to 254 0 C. 1 ' 1 \ > 

Fig. 2 ft shows the longest cycle oi all, which took 14 hours. These, 
figure* were recorded on the cold end of the producer flue, which explains 
the position. 3 ' 


Thermal EguiuBRiiwiN nitric acid manufacture by retort process 

Heat balance in retort and setting. —This may be conveniently sum- 
marised as follows : 

A. — II eat absorbed. 

Heat taken up by the contents of the retort 
(a) Heat absorbed in the main reaction. 

* (b) ^Heating the reacting substance up to the temperature 

reaction. * 

» 

{c) Heat required to separate the w^fer from the sulphuric 
icidf added. 

• • * 

(d) Evaporation of the water brought in with the nitre and 
suiphuric acid. ’ 

(e) Heat of dissociation of a portion of the nitric acid. 

(/) Heating up the nitre cake from the aver«ige^tmperauirc 
of reaction to the final temperature. ’ 

If. Heat required to bring up the temperature of retort and setting 
filter rejeharging. , * 

III. Heat lost by radiation and conduction through, brickyovk, 

top of retort, &c. ” 

IV. Heat carried away by the flue gases. 


B.- - Heal supplied. 

;. Heat brouglit in as sensible heat by the producer gas. 

7 . Heat of combustion of the producer gas used. 

The quantity of heat classified as A 1. above may alternatively be 
considered as made T15 of thy following^items : — . 

(aa) Sensible heat in the resulting nitre cake. # > 

(bb)i Sensible and latent heat in the gases and vapours leaving 
uie- retort. 

(ct) Hea.1 absorbed in raising the internal 'or intrinsic energy 
of the reacting substances. 

The first classification is. howfivar. much more convenient tor 
Calculation. 



48 v MANUFACTURE p F tfrffilC ACID 

A . — Heat kbsorbed. 

, I. (a) Heat absorbed ly the vicin' re, action. 

I 

Heat of formation per gram molecule. 





Cal. 

, 

CaJ 

NaNO, 

- 

- 

- hi 

h 2 so 4 * ; < 

192*92 

NaHS 0 4 

- 

- 

- 268 

HN 0 3 vapour, ' 

34 : 4 

Na 2 S 0 4 

- 

- 

- 328 

HNOj liquid 

. 41-6 
1 


The main reaction consists of two parts : 

(i) NaN 0 3 | II 2 S 0 4 = HN 0 3 (vapour) -| NaIIS 0 4 

™ (268 I 34*4 hi - 193) >- ~* 2 Cal - 
(2) 2NaN0 3 + H 2 S 0 4 = 2 HN 0 3 (vapour) + Na 2 S() 4 

= (328 + 69 — 222 • - 193) — --- «i8 1 Cal. 

These heats of reaction are calculated on the assumption that the 
initial and final temperatures arc not far removed from i£° C., hut, 
as the .sum of the molecular heats of the substances on the two sides of, 
the equation is nearly "onstant, the heats of reaction at 130 to 150 will 
not differ materially from these calculated here. ' ' 

The nitre cake is stated to contain normally l H>r 
acid,” reckoned as. free H 2 S 0 4 . . 

From the molecular weights H 2 S 0 4 — 98; Na 2 SO,,. — 142; NaHSU, 
■.* t i20, and the equation 

H 2 S() 4 4 - Na 2 S 0 4 - 2 NaHS 0 4 

It is seen that 30 parts of " free H 2 S() 4 ” represent 73 • 4 parts of 
,NaIISQ 4 , and that consequently the nitre cake consists of 73-4 percent, 
of NaHS 0 4 and 26-6 per cent, of Na 2 S() 4 . 1 

• ,’l'he ms.ecular proportions will, therefore, be 

73 '4 0 { NallSO, to — * of Na 2 S 0 4 , or as 612 to 187. 

120 14 3 


In equation (i) one molecule of NaHS 0 4 corresponds to one molecule 
of HN 0 3 , consequently 612 mols. of NaHS 0 4 correspond to 612 njols.* 
of HN 0 3 . According to equation (2) I mol. of Na 2 S 0 4 corresponds ‘to 
2 mols.* of HNOj .’. 187-5 mols. of Na 2 S 0 4 correspond to 37^ '.viols. 

um 3 . < 


of the total HN 0 3 


will be formed according to equation (1). 

1 1 > 
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or to produpe 63 lb. bf HN 0 3 , 8,o8p C.H.U. If only 94 per clnt. of the 
total possible Hm) 3 aiJUiallv .recovered, we require to produce 
1 ton net — r * r 


8080 x 22A - x *— = 305*000 C.H.U. 


63 


94 


It will be note*l tljfcit the heat absorbed by the reaction per ton or 
per. gram mohcule,of HN 0 3 formed decreases with increase of sulphuric 
acid. until the iiitrc cake contains 100 per cent, of NaHSO, This 
variation nw.y Conveniently be expressed as a function of the " free 
sulphuric acid in the nitre cake. Thus, if H be the heat of reaction 
]>er gram molecule of IIN0 3 produced, and x the percentage of " free 
H 2 S 0 4 ie the nitre cake, then ' • 


jj _ 1800 — 41 • IX 


100 — x 


whefe x can vary from o to 40 -8 per cent., the fatter figure cow, Riming 
with 100 per cent. NaHS() 4 . (Higher values of x have no real meaning 
«n this connection.) 

Differentiating, we find that — 

dH 2310 

dx (100 - x) 2 

, (U £ X iyiJtg between - 0-23 wlien .r = o, and — 0-64 when x = 40-3. 


[b) Heal required to raise the temperature of the initial substances to the 
average reacting temperature. 

TTie average temperature of reaction has been taken to be I30" C* 
aiuf tlie*nitial temperature to" C. * 

Taking the nitre to lie of 96 per cent, purity, and the yield of KN 0 3 
t<» be 94 per cent, of the possible, there is required in order to niakc 
1 ton net of HN0 3 : — 

85 100 100 . , , 

(r’~ x < 6 x “f 1 ‘ 5° tons of crude nitre. 

■ 9 3 . 94 

If 2 jier cent, of the crude nitre is water, the crude nitre contains 
i»- 47<4ons of* dry nitre jilus 0 • 03 ton of water. * 

The quantity of anhydrous sulphuric arid required to, prodhee 
1 toiled HN 0 3 with 100 per cent, efficiency is : — 

63 X 98^* ^ °'9 6 5 ton accoAling to equation (1), and 

19 375 _• 0-296 ton according to njuauwi m wgetlier 

6 3 9»7 1-26 tons. 


But if the sulphuric acid is*only of 95 per cent. ’strength, and the 
•yield of HNp, is only 94 tier cent., there i» required to produce 1 ton 
npthfHftCV- \ . 

i* 26 x — x — =» i *41 tons of 95 per cent, siiipnunc acid 

§5 9*1 



50 


• MANUFACTURE OF NITRIC ACID 


Taking the following values for the specific heats, viz., NaNO a , 
0-278 ; H s S 0 4 (95 per cent.), 0-35; ; and H^O, . 1 ; the heat required to 
raise the temperature of the raw materials front io° C. to 130° C. is 
for the — 

C H.U. 

Dry nitre (1-47 x 0-278 x 2240 x 120) -• - - 110,000 

Water in crude nitre (0-03 x 1 X 2240 x 120) - - 8,000 

95 'per cent. H i SO i (1-41 X 0-35 x 2240 x 120) - - 133,000 


Total 


251,000 


I. — ic) Heat to separate the water from the 95 per cent, sulphuric acid. 

Since the heats of formation from which the heats of reaction were 
calculated refer to the anhydrous substances, allowance must ,now be 
made for the heat absorbed in separating the water from the 95 per 
cent, sulphuric, acid. 95 per cent, sulphuric acid contains 5-26 lk of 
HjO to 100 lb. of H 2 S() 4 . From a curve of heats of dilution o* sulphuric 
acid, plotted from a modification of Thomsen’s formula, it is seen that 
the addition of 5 -26-1 lb. H 2 0 to 100 lb. H 2 S 0 4 evolves 2,500 C.B.U. 
Hence to separate the water from 1-41 tons of 95 per cent, acid 


1 l_ 4 ? x _? 2 4 ° _x 2 5 °° 
'i 05-26 


75,000 C.II.IT are required. 


1 . [d ) Evaporation of water in the retort. 

1 41 tons of 95 per cent, sulphuric acid contain 0-07 ton of waW 
which, together with the 0-03 ton of water in the crude nitre, makes 
o-i ton. To vaporise this 

'■ o-i x 2240 x 537 - 120,000 C.B.U. are required. 


I. (e) Heal of dissociation of nitric acid. 

.Assuming that 6 per cent, of the total nitric acid dissociates thus : - 
4HNO3 - 4 NO a -|. o 2 + 2H 2 o, 

from the heats of formation of the various substances, viz., HN0 3 ,*34-4; 
N 0 2 , 8-3; and H 2 0 (gas), 57 Cal. per gram molecule, the thermal 
balance is 

(2 x 57 - 4 X 8-3 - 4 x 34 - 4 ) = - 5 & Cal- 

or to decompose 252 lb. of nitric acid, 56,000 C.H.U. are required. 

If the yield of 1 1 N 0 3 is 94 per cent., then for 1 ton net recovered, 

^- 2 ^ -= 0-064 ton of HNOj, may be supposed to decompose as above, 

and the heat absorbed will be 

2 2 !i\ x - 5.^?52 _ 32,000 C.H.U. 

,252 

Ttvrill'be noted that the 0-064 ton of nitric acid in decompcsing 
produces ,0-009 ton of water vapour. Obviously this must not be 
included in calculating the heat of evaporation in I. (d) ; but, on the 
other hand; it must be allowed for in calculating tho sensib’e and latent 
heat of the liases leaving the retort. 
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^•0 Heat require#, to raise the temperature 0} me nttre cake from the 
• • average to ify final temperature of reaction. • 

net tOT^orndtk^acid produced is * • 1,Koret ‘ ca * «*••« •*«»» «•» V« 

• I0 9 v /^ T2 120 1 375 71 \ 

94 *( 98? X -63 + 987 X 63 )~ 1 '7 tons - 

Mb wen Th^e^ppears to be no reliable data for the specific h’eat of 
but lt^nidy Ije estimated from the following values : — * 

..Na 2 "3() 4> 0*230; K 2 SO.„ 0-193; and KHS0 4 , 0-244 

^ ana, ° yy ’ thc Spccif,c hcat of NafIS °4 would appear to*be 

1 ' 73 tons* of nitre cake with an a\ ,-rage specific heat of 
°' 2 X> “ le lleat required to raise its temperature from 130" to 320° C. is* 

1-73 X 2240 x 0-28 x 90 := 98,700 C.H.U. 

• * . 

II. Heat ^absorbed in raising the temperature of retort and setting betw een 
• charging and discharging. % * 

1° estimate this the heat capacity of th^ retort and ’its* setting 
together with the average temperature range of each, wrtuld be ne*eded' 
•expressed relatively^to the output of nitric acid Tier charge. # 

No data are ava^ftble. 

III. Heat lost by radiation conduction through brickwork &c. 

Actual radiation could be most readily detenpinecl £,y a suitable 
lorrn of thermopile, but air convection, which is probably more important 
wou d be niore difficult to measure. A rough calculation could be made 
rom Hhe thickness and thermal conductivity of the brickwork, iflrovided 
ilia temperature gradient were known, but exposed portiohs of the 
retort would be more difficult to deal with. 

• 

IV. Heat carried aia ay by flue gases. 

To deal with this and the following items it is convenient to comlftne 
the figures for the coal consumed in actual practice per ton of nitric 
* acrtl with (he analyses ol thc producer and flue gases. At the time of 
the trial* the usual practice was 0*230 ton of coal per ton cjf HN 0 3 
pro (freed, whilst the following figures give* the composition of the gases : — 


Producer gas. 


CO 

Per cent. 

> 21-0 

H 2 

9*6 

£H 4 

x*8 

-co 2 

7 ’° 

N,- 

6 o#6 

• 

100*0 # 


Flue gas. 


C0 2 - 

H 2 ° - 

o, + K 


Per cent. 
\'2 
•9* 


KK)-< 


lie-calculated tet agree with percentage of CO,. 
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Heat vklue per cubic foot = hi- 4 B.T.U. or 61*9 C.H.U. 

It is of interest to compare the composition of an ideal flue gas, 
produced by combustion with the theoretical' amount of air, with that 
of the actual flue gas. 


100 vols. of producer gas - 

✓ 

Air for each' constituent 

* 

Per cubic foot. 

Per vol. present. 

CO 21 • 0 

2-4 

50-4 

H, 9 g f> 

2-4 

23 -o 

CH 4 i-8 

9-6 

I 7‘3 

CO, 7-o 



. N, 60 *6 

— 

— t. 

_ <■_. — 



v - 


The total air is therefore 90-7 volumes, which Contain 71-7 volumes 
of N 2 . The composition of the ideal flue gas is, therefore, — 


Per 100 vols. of producer 

J 

Composition per cent, of ideal flue gas - 

0 

As existing in flue. 

As measured in laboratory. 

CO, 29-8 

H .0 13-2 

N, 

17*0 

7*5 

75*5 

18*4 

j. 81 -6 

175-3 

100 -o 

,r { 

100.0 


From the composition of the gases and recorded values of specifij 
heat and density the following figures are readily obtained : — 

1 gram/litre — 0-0624 lb./cubic feet. 


l 

Producer gas. 

Hue gas. 


Ideal. 

i 

Actual.-’ 

Density lb./cu. ft. - 

0-074 

0-083 

0 -o 3 l 

Specific heal o°-2oo rt *- 

0 • 24 

0-25 

0*24 


Taking 135,000 cubic feet of producer gas per ton of coal and , 
0-230 ton of coal pc” ton of HNO a , one ton of nitric acid requir-atL 
31,100 cubic feet of producer gas, which, with the ideal amount of air, 
should give 54,300 cubic feet of flue gas containing 17-0 per cent, of 
CO a . , The actual 'flue gas, however, contains only 4-2 pei cent, of C 0 2 , 

< sp that its volume must bt 220,000 cubic feet.. That is to say. three-' 
‘ quarters" qf the actual flue gas is exdess air — a very poor result for gasfeoys 
fuel. . 
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avenge temperature of the flue gas is 200° above Atmospheric, 
the heat chivied Dff with uie^l combustion would be " 

54.3oo X o*o&3 x 0-25 x 200 225,000 C.M.U. 

whilst in practice it is 

220,000 X .0-081 x 0-24 X 200 - 855,000 C.H.U. 
namely a partially avoidable loss of 630,000 C.H.U. 

• , • 

B .—Heat supplied. * 

I. Sensible heat in the producer pas. 

The temperature of the incoming producer c;;<s is given as about 
300“ C. above atmospheric. The heat brought in is therefore 

31,100 -074 x 0-24 X 300 --- 166,000 C.H.U. 


m IT. Heat of combustion of producer gas. 

This is 3!, 100 x 62 - 1,930,000 C.H.U. 


Summary j)f heat balance of retort and setting. 

So fax as the available data permit, the heat balance may be shown 
as follows : — 


, ( A . -Heat absorbed. 

I. Absorbed by Laments of retort. 

(a) By the main reaction 

(b) In raising temperature of raw 
materials to average temperature of reaction 

(c) Separation of water from the sul- 
phuric acid - 

(d) Evaporation of water in the nitre 
and sulphuric acid - 

(e) Dissociation of portion of the nitric 

acid 

(/) Raising the temperature of the 
nitre cake from the average to the linal 
temperature ’ 


II .Heat absorbed in raising the temperature of 
retort and setting between charging and 
discharging - t -• - # 

III. M eat lost t by radiation conduction through 
. . .brickwork, *&c. - 


C.H.U C.H.U. 
3 o 3 *o<i<r 

251.000 

75.000 * 

120.000 

32.000 

102,000 

• 885,000 


IV. Heat carried aif/ay by flue gases 
* Balance to be accounted for 


£ 55.000 

356,000 
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V • 

B . — Heat supplied, 

• C.H.U. 

I. Sensible heat in the producer gas < 166,000 

1 

II. Heat of combustion of producer gas - - - , 1,930,000 

""“"0 

Total - - 2,096,000 

, — - 

Retorting to the alternative method of treating die heat atjsprbed 
by the contents of the retort, mentioned on pages i and 2* of these notes, 
the items A I. (aa) and A I. (66) should be considered. 

A I. (aa) Sensible heat in the discharged nitre cake. 

, ' Given 1-73 tons of nitre cake with specific heat 0*28 af 220° C. 

(say, 210° above atmospheric temperature) the sensible heat pcr«ton 
net of HN,O s is 

“ 1-73 X 2240 x 0*28 x 210 - 228,000 C.H.U. 

A.I. (66) Sensible and latent heal in vapours leaving retort. , 

. . t v C.H.U. 

Take thq value for the nitric acid vapour - 355,000 

and for the accompanying steam - - ' - - 196,000 ' 

In addition the o • 064 ton of nitric acid which is decomposed 1 
(sf<| A I. (e)) will yield 0*055 ton of N0 2 and 0 2 , the se’nsib'c 
heat in whir’* w ;i l be 

0*055 x '2240 x 0*24 x 210 or about - - 6.000. 

The total amount under this head is therefore - - 557 000 

Which represents roughly the amount of heat which must be absorbed, 

by the condensers per ton net of UNO, recovered. ' 1 

‘ »■ 


. ‘ Remarks. 

‘ * The producer gas was of poor quality. The percentage of C 0 2 in 
the flue gas being only 4*2 indicates that far too much air was being 
used. As shown before, with ideal combustion 100 volumes of producer 
gas would require only 90*7 volumes of air, yielding a flue gas with 
17 per cent, of C 0 2 . Since only 4*2 per cent, of C 0 2 was present the 
volume of flue gas per 100 volumes of producer gas .must have been 
709 volumes, of which 534 volumes were excess air. The total air. used 
was therefore 624 volumes instead of 90*7 volumes, or about seven 
times as much as w r as ideally ne'cessary. Hence 'the excessive loss of 
heat in the flue gas. 1 , - „ . ' <J 

In considering the thermal conductivity of the walls'-of a condenser, 
note should be taken of the adhering layer of poorly conducting liquid. 
This luyer will tend to be thinner the steeper the fijll in the condenser 
tuj>es. , « 1 . . 

In comparing the Hart coqderfscr with the spiral silica condenser, 
it is possible that for equal surface a spiral is more Efficient than a straight 
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tut>ei since ^the continual change, in direction of flow may .pe,cted 

to bring about a Set ter. circulation of. the vapours in the tube. 


Thfemal efficiency of .condensing plant: Comparison of Hart and silica lets 

At Oldbury^ the sflica sets comprised two 5 inch off takes supplying 
fqur silica cdHs (2#inch diameter). • 

• # * 

• At Queens Ferret- One 8 inch off lake branches into % t wo 6 inch 
pipes and*Q3.ch pipe supplies 26 (i j inch) glass tubes. 

Offtake. Condensers. 

Silica sets - - 50 k 4 x (2)* k — 

Hart sets - - 64 k 2 x (6) 2 k leading to 

62 X (Ii) 2 li - 61 k. 

Where k is a commop constant. 

Silica set is throttled down from 50 to 16. 

Hart set opens out from 64 to 81. 


Efficiency of Hart condensers — Queen's Ferry. 

Each retort is fitted with 78 glass tubes, each 6 Jec\t/7 inches in 
length, and ij inch average external diameter. Total cooling surface, 
78 X 6-58 x 3-1416 X o* 1 15 — 1 8(1 square feet. 1*65 tons of HNO s 
as vapour, carrying 0*138 ton water vapour for each ton HN0 3 , requires 
il-6* X 557.000) C.H.U. to be abstracted from it in order. t3 obtaih 
}i<fuid it 1 5 0 C. in eight hours. 

Heat to be taken up in condensers 

_i-&5 ><_557_.ooo 
— 8 X 60 x 60 


— — 32 C.H.U. per second. 


J2 

186 


= 0*172 C.H.U. per square foot of cooling surface per second. 


^ *= , ° ??- 2 - ~ 0-0839 cal. per cm. 2 per second. 

929 

Thickness of tubes = i* 16 inch - 0*159 cm. 

Conductivity of glass (soda flint glass) — 0*00143 cal. /sec. /i‘ G/cm. 2 . 

‘ Heat which will* pass Ihrougli tubes at unit temperature gradient 

9_^.9^43 _ 0 • oyyo cal. per square cm. per second. 

Heat required. to pass for effective working — 0-0839 cal. I* 1 cm.* 

* * . p#r second , 

0-0839 .. 

Hence temper<ftui*e gradient required — -7^^ — 9*3 A* 



56 


J1ANUFACTURE CfF NITHfC ACID 


Efficiency of silica condensers, Oldbury. 

Each retort is fitted with four silica coihy f. inches ihtemal diametey, 
5/32 inches thick, diameter of coil 2 feet 6 inches, j\ turns. Condensing 

surface (external) = 4x2-5% 3 -14 X 

, = 143 sq. ft. ' 

Assume working as at Queen's Ferry : — 

Then heat taken up — ■ 32 C.H.U. per second. 


32 

143 


0-224 C-H.U. per sq. ft. per sec. 


0-224 x 453 

929 ~ ~ 0-109 ca -l- P er s q- cm. per sec. 

Conductivity of silica (quartz) = 0-016 cal. see. i° C. cm. 2 
' Heat which will pass through coils 
(5/32 inches = -397 cm.) at unit 

temperature gradient = =- 0-0403 cal. per sec. per cm. 2 

Heat required to pass — 0-109 cal. P e f sec - P cr cm 2 
o- 109 


Temperature gradient 


0-0403 


2-7 C. 


The fou; silica coils have a cooling suiface of 143 square feet. 

The Hart set has a cooling surface of 186 square feet. 

Owing to the greater conductivity of the silica the temperature 
gradient is only 2-7 compared with 9-3 for the glass tubes in' the 
Hart set. ■ 


Crac king of retorts and stills 

Ai one time considerable trouble was caused by cracking of many 
pf the retorts. The plants were being worked very intensively and the 
cracking was considered to be due in many cases to bad firing. 

As first erected, the bottom of the retort rested on a small brick 
slab directly on top of a narrow fire arch. Afterwards the fire arch was 
lowered -and broadened so that the flame did not strike the bottom of 
the -retort directly, but was deflected and spread by the arch, also when 
the fire was put out the retort cooled quicker as it' was not kept so hot 
by being in direct contact with the fire arch. This arrangement helped 
to prevent cracking. , „ 

No definite conclusions could be drawn as to -the composition of Ape 
cast iron having anything to do with liability to cracking. Moire 
importance should probably be given to the foundry practice when 
casting the retorts/ 

It was o.ften possible to prolong the life of a cracked retorjt by; tapping 
'holes vound 'the crack and screwing'on a cast iron patch making a jbint 
between tike patch and retort with ru^t and sal antmdniac. - 



RETORT,' PRACTICE. 

, .T. 1 ** Allowing .figures from the records 'bf one factc^v give an 
indication oi the average li^e of a retort or still : y g an 

have ( fiilld. e a ^ >e " umb ^of charges of stills anfl retorts which 
(2) "Hie average maximum number of charges of a similar 

SST S ^ ,and re,OT,S * 1,ich “P *° «» Present Lve „5 

ft ave^p* WC 1,35 "‘ en b “'' *“ k “ as «“ “< 

casing, the estimate of the average life of a still or a report on the 
above assumptions, wc find the following 

Stills* 


•Average No. of charges of six stills which have 
failed - # - 

1 Average No. of charges of six stills which :fre still 
oflprating and have not shown signs of failui e 
Mean average of the above which should repre- 
sent the average life of a nitric acid still. (Kadi 
charge being 7 tons of mixed acid) - ^ - 

Retorts. 


270 changes each. 
J65 charges ea<jb. 

jij charges.. 


Average Ny. of Charges of 12 retorts which have 
failed . - 

Average No. of charges of 12 retorts which have 
not failed and are still being operated . 

lean average of the above which should repre- 
sent the average life of a retort . ( Each charge 

containing 2 tons of nitre) 


175 charges cajk. 
355 cnarges each. 

265 charges. 


A large American factory reported that while 400 clmrges might 
be taken as the average life of a retort, individual retorts had stood 
800-1,000 charges. » ", 

At another factory (not American) with an installation of 75 retorts 
one retort lias been in use over n years and 30 are over 10 years old. 

. Skilled tiring and not too intensive working combined with good 
construction of the combustion chamber have much to do with the long 

Jife of retorts. » b 

* •• 



58 , MANUFACTURE^ NllklC ACID 

SECTION 2 

v, 

NITRIC ACID STILLS FOR DISTILLATION ON SPENT ACID FROM THE 

< MANUFACTURE OF NITROCOTTON 

( » 

4 Discontinuous distillation 

General outline. — The spent acid is run into a cast-ir6n still heated 
with a gas fire, and the nitric acid in the spent -land distilled over,, into 
a condensing system. The residual sulphuric acid in the still- is removed 
to the concentration plant. 

The plant used for this purpose is similar to that just described for 
making nitric acid. The chief difference being in the still which lias no 
opening at the bottom (Fig. 29) . *. 

Whe,n using the distillation process for denilrating spent acid, it is 
•'essential that the composition of the acid charged to the stills be such 
that the residual acid after all the nitric is driven off contayi not less 
than 73 per cent, of H a S 0 4 , otherwise the nitric acid will he too weak. 

Consequently it ijj often necessary to add a suitable quantity of 
strong sulphuiic acid to the spent acid to ensure a sufficiently strong 
sulphuric acid being left in the stills, which will keep the greater part 
of the water from. being driven over with the nitric acid. 

, Description of plant. — Spent acid storage consists ’ of eight 30 ft. 
X* 9 ft. mild steel cylindrical boiler tanks, built upon 'brick piers, 
above the level” of the stills in the house, so that all charging of stilus 
with acid is by gravitation. The boilers are inclined so that one end' 
is 2 inches lower than the other, to allow sludge to fall towardr the 
‘sludge outlet. At the opposite end, and on the lloor of the boiler, is 
the acid 'outlet, into which fits a cone plug controlled by a lever unci 
chad . l lte run-off is supplied with a Ouinan valve, and is connected 
to a 3 inch mild steel acid main. Each boiler is fitted with a gauge 
glass, 1 and is capable of holding 89 tons of spent acid of specific gravity 
I -68o. On the top of the boiler is a man-hole, surrounded with a tripod 
supporting a dipping rod. At a depth of 6 feet 6 inches an overflow- 
pipe runs common to all the boilers, and similarly a common 3 inch, 
main is fitted at the bottom through which each boiler can be ^ emptied. 
The 3 ihch connecting main feeds a main of the same diameter, vhjch 
runs the* whole length of the still house. From this latter each still 
is charged. „ 

There are 30 stills in the house, arranged in batteries of three. 
Each still consists of a cast-irbn cylindrical vessel with a spherical 
bottom. Tile body is fl inches thick and the bottom 3 inches thick 


Total depth of still 




, "Ft. in* 
- 7 0 

Diameter of still - 

- 

- 

- 

- '6 9 

Width of lid 

- 

- 

- 

- 4 

"Width of man-lid 

A 


1 

„ i. 

- i 8 


Each still is completely enclosed In a brick setting. • 
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’ *, A . a ? a ^ a ^ ene< i top, and is fixed to me pox dv means 

of a*rust jbmt. •The lid is jolted on # to the top of the dome cover. *Thc 
Ini is recessed to a depth 2l italics and 12 inches diameter round a 
cl ^ u L ar , • le 8 inches in diameter. ®Into this 8 inch hole is -fixed the 
s tnl flead. The man-lid is perforated with a hole 3J inches in diameter, 
through whion passes*a 7 foot dip pipe reaching to the bottom ol the 
still, and alsp with a £ inch hole in which an air pipe is fixed. 

still taijcs a charge of 7 tons of spent acid, and when in 
continuous* us<* the nitric acid can be distilled off in nine hours. The 
complete cycle trom Parting one charging to starting the next charging 
is 12 hours* so that two charges per day of 24 hours can be put through. 

Producer gas is used for firing in a similar manner to the retorts 
and the beating of the still can be controlled within very fine limits. 

# The charging and blowing pipe is of lead, 2.J inches in internal 
diamelfer, and conveys the spent acid from the charging main to the 
still, and also delivers the residual acid, at Jhc end of the distillation, 
into the^aunder leading to storage of weak sulphuric acid. * 

, The connection between this pipe and tiie 3 inch feed main containing 
spent add consists of a 1 J inch lead U bend, with twc;plifk cocks 
situated in front of the latter. The charging and bjowing pipe is 
• supported on channel iron, and is continued out of thejiouse to the 
launder mentioned alcove. Between the launder end of the charging 
and blowing pipe artl the inlet from the “ U " bend"!* placed a j inch 
*Pl n 8 valve, •wjucli is always closed during distillation and charging. 

The other end of the charging and blowing pipe is IjoltejFto a svtfhn- 
r neck connection of the " dip ” pipe in the still. • 

lhe dip pipe is made of cast-iron or silicon-iron" The latter, though" 
motti costly in initial outlay, is finally cheaper than cast-iron, because of 
its nfuch longer life. A cast-iron dip-pipe very easily chokes with 
suTphate, and corrodes rapidly. ~ • 

Length of pipe - - - “7 * mmcsr 

Internal diameter - - - 1 J inches. 

External diameter - 3 "inches. 

The still is charged through this pipe, and the contents at the end of 
distillation are discharged through it into an open semi-circular lea<i 
launder, suspended in water contained in a wooden trough, which conveys 
iky ^acid to the weak sulphuric acid storage tanks which if reaches 
with a temperature of 70°-8o ('. - 

Condensing system. The still head is a two-way piece with an 
internal diameter of finches and made of silicon-iron. 'It is fixed \o the 
8 jjich opening in \he lid of the still with cast-iron collar plates bolted 
down aj: its base? The vapours pass up into the still head, and are 
shunted through the bend into the uptake. The short vertical extension 
of the still hgad is used for dipping, and to allow the fixing in of the 
sealing plug when «the contents of the still are reaefy for discharge at 
the; end of the distillatidn. 

• TJie sealing pli^ # is a flat disc made«ot cast iron. It has an elSvated 
cim on its circumference", which fifc* into a groove running*rflund inside 
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* » * ' . 
the bottomfof the still head. The object of this* disc ,is to seal completely 
the 'Vapour outlet from the pot, in order to allow the residual acid to be 
blown out of {he still by means of compnft/ed air. lhe acid is blown 
back through the dip pipe into thte launder. The compressed air is 
allowed to enter the still through a small f inch pipe screwed into the 
man‘lid. The supply of air to the stills is brought frojn a commdn air 
main, running the whole length of the house, tlmuglj individual I inch 
pipes* The pressure of air in the common main is kept,ht io.lb. per 
square inch, being reduced to this from 80 lb. per square inch in the 
main line. 

The ifptake is connected with Hart condensers and, absorption 
lowers in the same way as in nitric acid manufacture from nitre. 

. Operation of the plant.— The spent acid to be distilled has an 
‘average ,sp. gr. of i -08o at 15 0 C., and is of a pale straw colour, givgs off 
nitric acid vapour on exposure to air, and contain ( s a slight ambunt of 
jludge which is chiefly ferric sulphate. Its kverage composition .by 
Veiglil is- 

• Per cent. 

‘•HNO., ------ 20-3 

• ■ H,SO, v - - - - - 6 o ;9 . 

• H*0 - 18-8 

Its action up.'* mild steel, lead, or cast iron at* ordinary temperatures 
is not excessive, and it can be stored in boiler tanks of mild steel with 

stfk'ly. . ' * 

The storagt of the spent acid is at such a height that all stills cap 
' be charged by gravitation. The storage boilers are sludged periodically, ' 
and kepi well painted. All valves, both inlet and outlet, are kept .well 
gr easei l and turned at least once every day. lhe staging and. steps 
around the storage boilers are. well painted, and also well illuminated 
for dipping* &i\, during the night. 

A gangway runs across from the charging platform of the house, 
and 'id the event oi valve trouble, &c., speedy communication is possiblfc. 

. , From the dimensions of the pot the tonnage or .capacity is found, 

and on this plant a charge of 4 feet 9 inches of spent acid is approximately 
seven tons by weight. The charging valve is opened, and the acid runs 
in with a iorce dependent upon the head. Twenty minutes, may be 
taken an the average time required to run in a charge. I he p‘ol is dipped 
at intervals with a copper rod, having a ring marked at a point'4 feet 
() inches from its bottom end. The rods are checked in measurement 
once gvery week. . 

Iron rods have been tried, but overcharging* frequently occurs by 
reason of “ sweating ” on the surface when the rod is put into the still, 
which gives a very indistinct mark. Of late, an electlical charging 
appliance has been used, which measures the charge with a ''‘dry” 
clip and rings an alarm bell when the still is fully charged. ■ 

\Vhen the charge has tyen run in, the still, is staled up at the still 
•head jn Readiness for distillation. .Two stills can be charged at the same 
l,ime, but \heii the charging time is lengthened from io to 30 minutes. 
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£ 1S C ? mp i C t te ' the fire 1S P ut out an(1 thereover from 

JJf_ %t^Y emOVe W hc "r^ P ]u « has been prepared, -and 
SnSnT^f^Ki SCEeWeS ,^ )Wn /“to position by means ofj. screw clamp. 
In preparing the blowing plug, it is ftefessary.to provide it with a suitable 
packing which will withstand the temperature and the acid fume, and 
it has been found that, blue asbestos cord is the best for this. One piece 
if properly handled, is sufficient for 20 or more blows. When the plue 

aVturned^on' ^ PipC ^ connccted U P to the still and compressed 

The air pressure ilsed is 10 to 11 lb. per square inch, and, the supply 
should be perfectly free and steady. The dip pipe should \>e clear of 
^ ie em Pties, the rate of discharge of ihe residual acid 
diminishes ’somewhat, due to increased lift as the acid level in the not 
lowgrs. * m 


• ^ re ma y P u l °P w j lcn the still is half charged, and a good 
brisk fire kept on until distillation commences, which is, on the averages 
2^ hour^ afterwards. The fire is lessened somewhat when distillaticyi 
, has commenced, but every care should bf taken to avoid decrease* of 
temperature. It will often be necessary to increase the fire towards the 
end of Jhe distillation rather than to reduce ft. Without good firing 

• good results cannot J^e obtained, and it is necessary to givedlie lirewerv 
care, especially so witfi a view of getting good fractionation. A slow 

jnactive *fire gi¥«» wry unsatisfactory distillate. l!arge ciuantities of 
nitrous acia#cne fonned, and the distillation becomes unduly lengthened. 

# Vapours begin to pass over at Qo C., containing mu A qi^hc nitrous 
acid contained in the spent acid. At 135 ('. a good distillate, is obtained,* 
and^it is at this point that most of the. ILN() a is obtained. The tempera- 
ture yf the vapours passing up through the uptake gradually ii^reases, 

the HN() a content gradually decreases until, at a temperature of 
I 45°” 1 5° t •» the distillation is complete. This point, however, not 
determined by temperature, but by taking the gravity of the distillate. 
When the gravity of the distillate has fallen to 1*300 the distillation 
is complete. 

At present the whole of the distillate from a charge is run into the 
saiye receiver, and. the resultant is an acid of average strength ot^ 
8 <j* 5 percent. HN() 3 . Kadi 7 ton charge of spent acid gives approximately* 
i;4<onsof # HN(V 


The control of the condensers is an important item, and can* is 
especially required in the water feed. Spent acid from cotton nitrations 
contains an appreciable amount of nitrous acid. It is therefore* more 
economical to condense HA() a only the condensers, and allow the 
niffous acid ty pass onto the absorption system. # This fan lie controlled 
ofl the^ ’condenser* only, and is of much importance. To carry out 
successfully the elimination of nitrous acid to the maximum, it is necessary 
to run the condensers as hot as possible, consistent witlf efficient condensa- 
tion of the nitric acid throughout the whole# distillation. JVJort^ water js 
required on the condensers in the mUdd^e of the distillation than at the* 
beginning or the ejcL 
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All gravities of the distillates are taken on the still-watiher', or 
gravity platform, which runs directly underneath the cwridenSer platform. 
The “ gravity-man ” informs the fi^eman^vtfhen a still has finished. 
Preparations are then made .to “ blow " the still and clean the gas valve. 

,|\s soon as a receiver is filled, a sample is drawn for analysis, but 
it is essential that the contents of the receiver be w’ell agitated with ■ 
compressed air before being sampled. This serves a double purpose, in 
that it .removes a little nitrous acid and mixes the . contents. ’Before 
emptying a receiver the gravity is taken. ; 

Owing 1 to the much greater amount of oxidisable nitrogen com- 
pounds entering the stills absorbers, as compared with those of the 
retorts, a somewhat different method of control is required. The Pohle 
air- lift works much faster, and ensuing oxidation reactioif is more 
intense, «and the yield of 11 N 0 3 considerably greater. The gases enter 
during the summer months with an average temperature of 30° C., and, 
by the time they have reached the third tower in the set, the temperature 
has risen to an average of 50° C. The make of acid in the towers runs 
between 9 per cent, and 10 per cent, of the total IIN0 3 'made, and it , 
contains' oil the average o'l per cent, of nitrous acid. 

Working results during one month. 

Stills charged .1,321. 

Average number of stills working, 22. 

Spent acid used — 9040-3 tons at 20-3 per cent. HNU S 
— 1836-8 tons HNO3 

Plant loss. 

Nitric acid charged 1836-8. 

Nitric acid recovered -- 1788-4. 

,, , Recovery - 97-4 per cent. 

' Strong nitric, acid produced — 1784- r tons at 90-0 per cent. HN 0 3 

, • Weak nitric acid produced 351-8 tons at 52-1 per cent. IING 3 
Strong nitric as 11 N 0 3 --- 1605-7 tons. 

Weak nitric as HN 0 3 — 183-0. 


Hours of distillation, 6 hours 30 minutes. 

Tot,al cycle, 10 hours 40 minutes. 

«- 

Labour requirements. 

For complete running of 26 stills, allowing four out of commission 
for repair, the following are necessary : — 

- 'oreinan 
harge hand 
6 male operatives 
• 2 burner men j 

' r ‘ ■ . 

]*or ’maintenance of pottery, .four men on day work. In addition, 
plumbqrs, Vipers, and joiners, &c. are Required a'c intervals. ' 
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STILL PKACTICE • 

I • 

• — 

Continuous distillation 

Some trials* may bc!£* recorded of a continous^ distilling or 
de*phlegmating columli which were stopped owing to the Armistice 
before the best working conditions wert 1 ascertained or conclusive results 
obtained. They promised well and should be worth following up. •The 

• cast-iron colufnn is vefv small and inexpensive for the work performed, 

and caq be quickly and readily replaced when necessary. • 

• A small couth. uous distilling or dephlegmating column was erected 
and* tried at ©ucen’jj Ferry, but the experience in working it was 
too limited # to allow definite conclusions being drawn as fonts advan- 
tages or disadvantages in comparison with the ordinary still working 
continuously. 

• * ^ • 

^description of plant. — The original dephlegmating column, of which a* 

diagram is shown (big. 30), consists of a cast-iron column 8 feet high 
X 14 inches inner diameter, on top of whi^Ji arc fitted two pottery , 
sections, each 1 \ inches internal diameter X2 feet high. It w r as 
necessarjT at Jihe very outset, to replace Wiese by silicon-iron sections, 
*ow r ing to the cracking of the pottery. # •* 

The column was packed with carefully gr^Jcd quart/, the packing 
resting A n # a cast-iron perforated plate. T'liis corroded v$ry speedily, 
"however, and was replaced by a grid of acid proof pottery rings. 

Heating w^as supplied by an oblong coke rovrtfRistion chamber, 
from which® tfcc liot gases wore led to a brick chamber 2 feet 3 inchgs 
sefuare and 7 feet 7 inches high, surrounding the cast-hyp column, the 
^aste gases being led away to the main Hue by a hi inch diameter mild m 
steel pipe. 

rffhc earthenware cover to the column was j)rovided with a 4 inch 
<jff-take foi the nitric acid vapours and two 1 inch holes, one bring foi* 
thP spoilt acid feed and ‘the other for manometer and thermometer. 

A i\ inch outlet from the base of the cast-iron colunuf delnf-red, 
through a silicon iron seal-pipe into a circular acid cooler, simijar to 
those at the TXT acid denitrating plant,* 011c cooler being provided 
to each pair ot columns. The coolers deliver into a lead launder and* 

• thence by gravity into either of two storage tanks, from which the acid is 

1 • puijiped to the battery of lead d» ‘nitrated acid tanks foi acid from thew 

still. m 9 m 

• • spent acid is fed into the top of the column through a pottery 

• feed box delivering into a 1 inch lead luted feed box. I he distribution 
of tlut acid in the column is an important point, as it is essential to 
counteract any tendency for the acid to flow merely down the centre 

. of the packing. • • # • . , « 

*^The nitric acid vapours are led through tlic # 4 incif dianietei outlet 
to silica* coils # ii\ exactly the same way as described in the case of the 

stills! ’ ’ % 

. Capacity <# plartt.— As far as the limited number of experiments 

• made seemefcl to point out, the capqpitv of a single column wfts in the* 

* f - - # ‘ -r— 

* 5 ice No. i 9 Rcjjprd of this senes. 
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neiphbournood of about 5 tons of spent acid per day. Hiis *was 
increased to 7 tons per day, and 9. considerable savihg bf ‘fiiel effected, 
by lagging the whole exterior of tljd fumatle and the flue surrounding 
the cast-iron columns. • 4 

€ Thc fuel consumption was abnormally high. The temperature of 
the ga^es in the off-takes from the flue surrounding the column had to 
be a%high as 400° C. to ensure thorough denitration. TJiis represents 
very considerable waste of heat, which might be rcduceS to som£ extent 
by extending the length of the column or, at any rate, the length exposed 
to the heading effect of the gases. ' * ^ 

Comparison of stills and dephlegmators. -Die working of the stills and 

dephlegmators is compared in the following table — 


j Still. 


Dephlcgtnatcf*. 


hifjged. 


{Jnlagged. 


1. Capacity pef day for complete deni- 

tration 

2. Strength of deni^jed add, C‘>i • o : 

18 -5 : 19*5 and spent acid - 


3. ^Strength M st^ng nitric acid : 

HNO s - • - 

HNO, 

4. Fuel consumption per ton HL\() a ; 

recovered - - - - - j 


Tons. 

9-10 

H a S(>< 

77-5 JKT cent. 

89 per r<*nt. 
1-1*7 P (T cent. 

0*22 ton coal 


1 


Tons. 

Tons. 

* 1 

•7 

4-5 

HjSO* 

75-76 ]>er conn 

, ' H,SO, . 
75 ‘ 76 per cc f n1 . 

90 per cent. 

2 3 per cent. 

90 per cent, j 

2 5 per cent. 

; 0-7^ ton coke 

! 

1-4 109s coke 

t 

i . .4, - 


Sfrials*were also carried out at Gretna with a continuous distilling 
column similar to the one used at Queen's Ferry. 

• H he column was 12 feet in height, 14 inches diameter, and was packed 
•with graded quartz. The top 4 feet of the column was of silicon-iron, 

and the fume outlet was increased to 8 inches in diameter. 

The results obtained were very promising. 

When treating nitrocotton spent acid, a stronger djstijlate and 
weaker Yesidual acid were obtained than from the ordinary still. f / , « 

# About 12 tons of spent acid could be treated per day per column. 

No reliable fuel consumption figures were obtained. r 

Experience showed that the most suitable temperature was 100° C., 
and, when workjng under thief condition, the * following acids were 
obtained : — * * 


Condensate. 

Specific gravity, 1*510. 

Per cent. 

To^al iimogen acids as UNO., ioa* 00i 

„ „ ,H 1 *i 0 3 97- 80 
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* Residual acid. 

'* Sp§qjfic gravity, i • 700. 

Nitrogen acids 0 - - - - Trace 

HjS 0 4 - - - •- • - - 76-00 per cent. 

This temperature appeared to be the most suitable lor the sohtrnn. 

* Trials made *at higher temperatures produced a weaker condensate 
and a strong*- residual acid. * 

• When distillation was attempted at a lower tcmpeiature the acid 
issuing from thdbase of the tower contained quantities of nitric acid. 

Throt^Jiout the whole of the experiments difficulty was experienced 
with sludge. The base of the column required clearing about once 
every*24 hqurs, but stegs were taken to overcome t!.i; by modifying the 
base of tHe column. 
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SECTION 3 


DESCRIPTION OF PLANT AND PROCESS FOR WASHING NITRE 'BAGS 

* r 

General outline. — This plant was designed for the purpose of treating 
bags 'in which nitre had been brought into the factory* with the object 
on the one hand of yielding dry bags as free as possible fronj nitre, and, 
on the other hand, of recovering as much as possible of the nitre removed 
from the bags in a form suitable for the manufacture of nitric acid. 

The following is a description of a typical bag-washing plant, as 
first designed. Experience proved Inter that various modifications 
might be made which not only gave better results but also simplified 
the process. 

Dirty nitre bags are first brushed to remove all loose nitrate. They 
are then boiled up in dissolving tanks. The liquor obtained when 
sufficiently concentrated is lifted by means of two blow eggs to a weak 
liquor .**ank from which it is run through an evaporator to a crystallising 
tank. The bags are passed through four rinsing tanks, wrung in centri- 
fugals, dried *ln steam-heated driers, and finally sorted oui according 
to quality. 

Description o*pl*nt. The plant (Fig. 3 1), winch was designed with 
a view to the treatment of 5,000 bags per day, consists of th.ee separate 
bfcrk buildings, viz., the dirty bag store, the washing plant: (which may 
be looked upon as the main building), and the clean bag store. , 

Dirty bag store. This is situated near the end of the washing plant, 
where the boilers are placed. The buildings stand on a platform, aoout 
3 feet'o inches above ground level, which runs into the main building, 
and on which the boiling tanks stand. 

* Trucks of bags are brought alongside the platform on rail, and 
discharge direct into tin* store. The bags are turned inside out and 
brushed and the loose nitre sifted to separate string. This nitre is then 
‘bagged and returned to the nitre store. The brushed bags are taken 
in trolleys to the washing plmit. Trolley rails lead from the bag store 
into the main building to the back of the boiler tanks. Originally the 
bags were brushed by hand, but a mechanical brusher has smee been 
installed 'This has proved both cheaper and more efficient than uand 
brushing.** 

The capacity of the store is about 15,000 bags. 

Washing plant.-- The washing plant in the majn jmilding consists of 

1. Boiling tanks. 

2. Troughs. 

3. Centrifugal extractors. 

4. Driers. 

5. Eggs, filter pmsses and reservoirs. 

6. Evaporators. r 

7. Crystallising pans. 
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Boiling* tanfys.— These are three tanks ki which the bags are brought 
in cdntact with water cor^aining mtire or less nitre in solution, and 
hdhted by the introduction of steam. The tanks are Cylindrical in 
shape and ^ each contains a sheet-iran grid or basket for the bags, 
perforated with 2 inch holes and supported 2 inches away frym.the 
- bottom and sides of the boiler, so that the bags are at all times completely 
surrounded by lijjAid. The steam pipe leads to the bottom of theMank 
and then extends ip three lengths across the bottom, so that the heating 
is evenly distributed over the bottom. The capacity is 16 cubic feet. 
A pneumatic ram is fitted above the tanks for pressing the* bags into 
the liquor and for expressing contained liquor from the bags after the 
liquor # has been run from the tank. There are two bottom outlets in 
each tank* donnecting with the blow eggs for delivering the liquor aker 
extraction. 

Troughs. — -There* arc, four wooclcn troughs or vats through which 
the* bags pass in succession after leaving th£ boiling tanks. Each is* 
il*feet 5* inch x 3 feet 4 inches X 2 feet 3 inches internal dimensions* 
« The trough farthest from the boiling tanks' is fed by a fresh-water tap, 
and the water passes back from the trough (No. 4) through tne other 
three to, the boiling tanks in a direction noun tit to that of the baps by 
•means of wooden launders situated at ope end of and ne 4 r the top of 


each trough. 

• In the .fn^st Three trougns a woocien launuer runs aiuug ujr length 
o t the trough on the water exit side, and this is fed from ike bottdfn 
of the trough by a shaft, so that the liquid running from* say, trough .3 
-to trough 2, is drawn from the bottom ol trough 3. Trough 1 is connected 
to the boiling tanks by an iron pipe from the bottom of the trough with 
three .branches, one to the bottom of each tank. By opening * valve 
in*the branch pipe the liquid from trough J runs into the tahk. The 
level of the liquid in trough r is maintained by keeping up the levjd in 


trough 4 by means of the tap. . 

* As the bags leave the boiling tanks they are placed 011 drainn^ 
boards slightly inclined backwards so that any liquid dripping off tb t eir 
runs back to the tanks. Similar draining boards are interposed betweer 
each pair of troughs mid at the end of trough 4. 

Centrifugals. -'There are two centrifugal patent self-balancing bel 
driven hvdro-extractors of pivot type. I he bags are placed on t ies< 
,20 at a time, and the greater part of the liquid still adhering jo them 1 
wrung out. They are charged and discharged from the top bv Hand 
and the liquor is delivered from the outer casing into a dump, tnvougl 
a 2| inch pipe connec ted to the base oft the casing of the machine. 

’ ^ Driers. -There aro two Ibis independent continuous? drying machine 
ot travelling band* type. The whole machine is about 20 feet long an 
10 feet wide, the walls and roof of deal lined on the outside with shee 
zinc. In each of tfiese the bags are clipped bottonf "J^d* °n to 
series of .wooden hanger-bars. These bars art screwed 
chains which run op -sprocket wheel! -fitted to steei shafts one at eac 
end of ‘the drier, the whole having ijte effect of an endless belt dr bj-attic 
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Every fourth bar has a wheet at each end which rtfns along:, both* going 
and returning on angle irons. The shaft aj the feed <end is fitted with 
a hand-wheel 'placed at one side of* the drier. When a bar has passed 
right through the drier aifd begins to move upwards to return to the 
front, the clips fall by their own weight and release the bags, which fall 
opposite a glass sliding door in the back of the drier, through which 
theyl:an be removed. 

Arr is blown into the drier by a belt-driven fan placed at the bottom 
of and at one side of the drier, and thence through d steam radktor 
placed ne£r the back wall of the drier, which is completely Covered by 
iron sheeting having a rectangular opening at the bottom perpendicular 
to the length of the drier, through which the heated air passes. « As it 
enferges it passes through another uncovered radiator and travels through 
to the feed end in a direction counter to that of the bags. air- 

circulating fans are arranged above the endless chain of hanger bars, 
■along the length of the drier, operated by a belt driven from the main 
fa/i shaft. Water condensed in the radiators and steam pipes, is blown 
up from steam traps to a reservoir placed on a platform elevated above, 
the. floor, rrom where the hot water can be fed to the various parts of 
the room a* required? or overflow to the drain. The « centrifugal 
extractors and drying machines are driven from ?, common line shaft 
by a 12 b p. flavor running at 720 r.p.m. au^ taking 17 amps, at 
440 volts. 

Eggs, % filt«c process and reservoirs.- There are two cast-iron pressure 
eggs. Liqifor from, the boiling tanks is run through funnels fitted with 
a coarse metal mesh into a pipe feeding these eggs, and is blown from 
them by compressed air through either of two filter presses up to cither 
of l wet steel reservoirs placed on the same platform as the tank for waiter 
condensed in the driers. The twn cylindrical eggs of i{ inch Cast iron 
are* of tBe following internal dimensions, length, 3 feel 2.1 inches; 
diampter, 1 foot 2I inches. The two ends of the eggs are segments oi 
splieres, the depth of each segment being 2\ inches. The capacity is about 
3*S cubic feet. They are situated on the ground floor below and in front 
of the boiling tanks, and are filled by a 2 inch pipe which runs along 
the front of the tanks and has funnel-shaped openings fitted w'ith course 
metal grids under the exits from the tanks. This pipe i^ fijted with 
two plug cocks, oik' governing each egg. A 1 1 inch pipe, also fitted; with 
plug cocks, leaves the eggs at the bottom. Compressed air is introduced 
through l inch pipes with air valves, and each egg is fitted with a.-l inch 
exhaust pipe with valve. 

The filter presses, through 1 either of which* the solution may \hi 
delivered from The eggs to the evaporator feed ’tank, firp of the nhnd- 
operated type, consisting each of nine " pyramid "• cast-iron 'plates, ol 
surface area 2*75 square feet. Flannel is placed between each pair 
of plates to form' the filter proper. Tfie liquid enters through a central 
hole anti, lea ves'by a narrow central outlet at thb foot of the plates. 

In ofdcr to prevent crystallisation in the pipes! it was found necessary 
'to lag thoroughly the eggs themselves find the pipes leading from them 
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•with steaqj-pjpe . coverings. For the same reason the filter presses are 
covered with detachable^ emits of* non-conducting material, and the 
reservoirs are also lagged. • » 

Tlierp is a liquor reservoir of th^ dimciisions 4 feet 6 inches X 4 feet 
X J feet 6 inches, with a capacity of 40 cubic feet, which serves as 
evaporation* feed tarfk. It stands on a platform above the evaporators, 
to which it is, cbnnccted by a pipe leading from the bottom wfth two 
branches Jeadm^ to the two evaporators. There is a main .valve in 
tbis pipe, anefc a valve in each of the branches by which the flow to the 
evaporators is regulated. v , 

There is another valve in each* of the branches just at the entry to 
thc.evaporat.ors. During normal running the main valve and two lower % 
vjflves efre turned full bn, the Upper valves being regulated to the desired 
lk*v. # Between the main valve and the point where the pipe •branches, 
there enters a pipu from the hot- water reservoir, tilted with a valve. 
By shutting off the main valve, either or both of the evaporators can* 
tfius b£ flushed out with hot water. 

The liqftor in this tank is made up of liquor blown from tly 1 boiling 
tanks and of mother-liquors brought up from the crystallising pans by 
a stearp lift. 0 t 

In addition to this reservoir there is a large tank *(60 cubic feet* 
capacity) not in original design. This was installer Wpr holding 
weak liquor fr<#m the boiling tanks from which it cSri be blown up after 
charge oibags has been boiled, and to which it can be ruij back after 
the removal of the bags, this being repealed until the liquer is sufficiently 
concentrated. It can also act as an overflow reservoir to tile evaporation 
•feed tank, matters being so arranged that it is absolutely interchangeable 
with this tank, i.e. the evaporators can be fed and liquor can be run to 
yiolxjiling vessel from either tank. , * 

Evaporators.- - Two horizontal Keslner oinulseur evaporators .arc 
arranged under the reservoir platform. Kach consists of two concentric 
■steam pipes about So feet long, arranged in a space of about 20 ffcet long 
by the piping being folded over on itself three times. The piping is. 
covered for the greater part of its length. 

. The liquor comes down from the reservoir by a pipe with two branches, 
one to each evaporator, entering at the bottom, and passes up througli 
the apparatus. The steam (‘liters at the top and passes along in a 
dii$(?tion counter to that of the liquor. The liquor exit t from * each 
evaporator passes up vertically through the platform to a circular 
separator. The emulsion of steam and concentrated solution gpes up 
through this pipe, mp) the ^separator, .where the steam escapes by a pipe 
'through the roof and the solution falls down through a pipe leading 
from the bottom* of the separator to an iron latmder, which carries the 
Solution along to* any of the three crystallising pans. Steam condensed 
in the apparatus is blown from .a trap to a small tank on the floor. 

Crystallising flans * — The crystallising pjns consist tjf three rectangular, 
jacketed iron pans ’arranged side tw -side, each having *thfee vertical 
sides? the fourth side* far irom the liquor entrance. sloping Vip to a low 
angle. Watef is*run into*thc jacket at this end on each side of xhe pan, » 
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and .runs to the drain through 'a pipe from the bottom, abthp other r end. 
The pans are arranged with a very 'slight sky e towards the end nearest 
the launder, arid in one corner is placed a draining"hole close by a plug 
with an iron handle, through which the mother-liquor from tfce crystals 
can be discharged into an iron pipe running along the, floor undet the 
three pans. A steam ejector is fitted to one end of'this pipe by means of 
which' the mother-liquor can be lifted up to the reset vpir 'again, The 
other end of the pipe can be screwed off to allow any. mother-liquor to 
run to the drain if desired. ; ' « 

Each o >1 the three pans is of the following internal dimensions : — 

Depth - - - - - 9i inches. 

Breadth - - - - - 4 feet 9 inches. * 

Length to where bottom begins to slope up 11 feet. 

'Additional length - , - - 3 feet. 

The total capacity when brim-full is about 45 cubic feet. 

*• The liquor coming albng the launder is directed into the desiied 
pun by blocking off the exits to the others with wooden gates made to 
fit closely into the launder. 

A draining platform consisting of wooden bars | inch apart and 
with a 3 inch ( atch-boara all around, is fitted on to the shallow end of 
each pan. ' • 

Dry ffflif storeT^his is situated near that end 'of the washing plant 
where the driers are placed. Dry bags are taken there on trolley rails 
leading frftm ifie back of the driers. They are then sorted into thrric 
.classes, sound, split or ragged bags, which are then baled and stored., 
Fibre is put with tlie ragged bags. The capacity of the store is aboijt 
11,800 bags. 

' Operation of plant. — As previously stated, experience, showed afilora-i 
tion jn plant and working to be advisable. These alterations will lie 
described later. The following notes refer to the operation of the plant 
as originally designed. 

The procedure in boiling is as follows : — 

* Liquor from trough 1 is levelled over and fills the boiling tank to 
a depth of about 18 inches. The inlet cock is then closed, the charge 
"of bags (usually 50)* is introduced, and the necessary additional quantity 
of liquor from trough 1 is pumped in by means of a haiid-bperated 
rotary pump with a flexible delivery pipe. 'Hie pump is fed from the 
bottom 01 trough 1. The bags are not folded, but put into the boiler 
haphazard as it was found that if the bags are folded a large amoiiht of 
nitre is left between the folds at the end of the boil. 

The bags are compressed onfy on introduction to the boiling tgnk. 
the piston being raised during the boiling. In from 10 to 15 minutes 
the liquor is in active ebullition at a temperature of from io5°-i-io° C., 
and this is continued for a further 30, minutes. f At the end of this 

* charge was originally 80 bags, but it was fu^ind 'that tile tight packing 
Ti&cssyy Ko immerse them prevented a jroper circulation fit the liquid arid an even 
distribution of temperature. • . ' , 

t hftt cr . the time of boiling was gradtujjly .increased to 1 hour, as shown on thq 
flow-sheet. Fig. 32. • 
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tim? steayi. is,.tujiied off and tfie liquor *is run to the eggs and blown 
up ’to the new liquor tan|p the piston being down to express as much 
liquid as possible frdm the bags. ’The bags are then rcdioved from the 
tank and. placed in trough i (special sticks fitted with blunt, twisted 
hoolfc (shunter s. hooks), are used for this purpose), where they arq allowed 
to soak until* the trough is full, a period of about if hours. 

A new 'charge of bags is then placed in the boiling tank, and the 
ltquor in the liquor tank is allowed to run back into the boiliAg tank. 
Bailing is started and the process is repeated until the liquor is sufficiently 
concentrated (five lots of 50 bags each generally suffice), whefi it is blown 
to the other liquor tank for feeding the evaporators, and a fresh lot of 
liqpor from trough 1 is .introduced into the tanks. A convenient strength 
of solution is one of sp. gr. 1-37 to 1-40 at 8o° C. * , 

* Prom a number of experiments, the steam consumption m boiling 
was estimated as 1 • lb fix per bag. The estimation was based 011 measure- 
ment of the orifice in the valve, through which the steam escapes to enter 
the boilfcr, and the time the valve is open dyring the boiling. The amouht 
of steam passing through the valve open lo different extents wls found 
by passing the steam into cold water and measuring the amount con- 
densed* The results thus obtained were checked by passing steam into 
known quantities ol water and noting the rise in temperature. 

. So'aftiiig . — Bags are left in each trough for about if hours, so that 

4 hey take iilfbut 7 hours to pass through the system. Leaving trough 4 
they are. placed on a large draining board until no moft. liquor drains 
'away from them, before being thrown on the Moor in front of tin! 
Teip.rifugals. 

, Wringing. - The bags are put into the centrifugals in loft of 2«, 
(tucked round the sides as evenly as possible. The amount of liquor 
removed per bag on the centrifugals is about 3 lb. As this liqtlor ccfitiins 
12 per cent, of nitre it is collected and returned to the systeny being 
"pumped back into trough 3. 

Drying. -The time taken in drying is about 3f hours. 

*. The average temperature ol the interior of the drier is about 50 7 ' G» 
Air leases, the radiators at a tempi rat tire of about (>0" C. and issues 
• trdfci.thc machine at a temperature of about 39" C. ’ 

The consumption of steam in the driers was estimated by* measuring 
the. •water condensed and blown up fiom the baps to the risirvoirs. 
A ‘number of determinations show an average consumption of steam of 
406 lb. per hour.’ A correction for tlie amount of steam condensed in 
me pipes lejdjng to .the driers of 13-13 h>. pes horn* leaves the actual 
stegrn. used in* the. driers as 39 ~ • 9 U’- l )er hour. 

It was found advisable to d,ose down fue radiator casings considerably 
witli pieces T>f sheet metal, in order to limit the. amount of air*passing 
through fife driers, *as considerable, beat <vas being Ibst 4 hwmg]i more 
than Jthe necessary, quantity of air being blown through. 
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Evaporating . — The liquor m the evaporation feed tank is made up 
of liquor blown from the boiling twiks and>ii>f mother* liquors brought 
up from the crystallising pans. The 1 * specific gravity of this liquor its 
about 1-4, and it contains 4b per ‘cent, solid in solution. Its average 
temperature is about 40° C. c *. 

The average temperature of the emulsion of" steam tmd solution 
leaving the evaporator is about no 0 C. The two evajfosatars together, 
running*continuous]y, handle about 10 cubic feet of liquor in the feed 
tank per hour, liquor containing qb per cent, of solid matter in solution, 
and of specific gravity about 1 *4 at 40° 0. They deliver liquor containing 
about 56 per cent, of solid in solution to the launder, at a temperature of 
about 85° C. to qo° C. 

< 1 • 1 

Weight of liquor charged per hour jo x 62-26 x 1-4 lb. 

871-6 lb. 


Weight of solution discharged per hour 


87J-6*x 46 lb. 
56 


— 71O lb. 

Weight of water evaporated per hour -- 155 lb. 

Sealing of # the evaporators is a source of trouble. To lessen this, 
Hit* use of water with scale forming properties for washing should be 
avoided. * 7 rr.an Prearranged that both drier traps And both evaporator 
trails deliver into a condensed water tank, from which Jiof distilled 
wafer can be ^1 to the system. ]f.vcn when distilled water is used fof 
yvatffiing, however, considerable scales still forms ill the pipes and it is 
necessary to clear them out frequently. 


Brass valves were originally used on the feed pipes to the evaporators, 
lAit thelurgss valves were later replaced by cast-iron ones as considef able 
trouble was being caused by the excessive' corrosion of the feed pipe?., 
and it? was suspected that galvanic action was taking place. 


A ftteam pressure of 45 lb. is usually maintained in the outer tubes,! 
but slight variations arc made as necessary to secure the requisite 
concentration. 


•The steam consumption has been estimated by collecting and 
Theasuring the water condensed in the apparatus. A number of deter- 
mination* give the average weight condensed per hour as 212 K>. •• 

A correction must be introduced for the water condensed ix 
steam pipes, and for the radiation from the evaporators themselves. 
The farmer is 4-7 lb. per hour. Owing to the difficulty of not Being 
able to measure the temperature on the , inside of the steam pipe 
constituting the oyter layer of the Evaporator, the correction for radiation 
" hs been made by assuming that the evaporator behaves, as regards 
‘'oilensation, like an ordinary 3 inch steam pipe. "Kadi evaporator 
cousin of 74 feet 6 inches of 3J inch pipe, of which 65 feet is covered 
with iJ ; uch packing. The steam condensed })er fort length per hour 
‘d 3 Jut* pipe fvitii inches covering is o*iiTb.(s^ note on steejm 
consuniptioi. later) . 
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hourTs^ff^ f ° r ? UnC ° Ver , ed 3™dTpipe per loot lengthier 

Total water condensed in evaporators due to radiafion 

« = 6^ X 2 X 0-II -(- 95 X 2 x 0*79--, 29-5 lb. per hour. 

• • 

Steam use$) in actual heating of the liquor 


— 212 - 4-7 - 29-3 ^ 178 lb. per hour. 


1 " " 0 E ^ ch JL an ,! s allowed 10 stand until the liejuor has 

cooled to about 20 L. The liquor is then allowed to run oft l into the 
iron pipe beneath and taken up to the toil reservoir bv means of the 
steam ejector. , 

* die crystallised nitrate is fished ” to the shallow end of the pan* 
on to flie draining rafk, where, after a few hours draining, the moisture 
is reduced to about 6 per*cent., in which condition the nitre is '•‘bagged ” 
an,d delivered to the Cummer drier attached to the retort house. The 
crystals vary ui appearance, but in the majority of cases are of a market! 
bluish colour in bulk. Analysis, however, shows a purity *if* about 
98 99 per (;ent. after eliminating moisture. 


Steam consumption.^ Steam is introduced into the plant by a main 
jiipe runrring through the raw bag store and down ie thc c*Mftc of the 
fnain building Before the pipe enters the bag store a pipe takes off 
any water condensed up to that point. * * 

fl Another trap situated at the other end of the, main pipe removes 
•apportion of the water condensed in the pipe, but not all of it. 

From this main pipe leads are taken off to the boiling tanks, the 
tiyiporators, and to each of the driers. In estimating the steam ^.onsump* 
tion for the various parts of the plant, an allowance is made foj the 
condensation in the main and in the various leads. The* impAivcd 
practice described later would involve a smaller steam consumption, 
but below is shown the method by which an attempt was made to arrive 
at a figure for the steam consumption per bag. » . *•* 

The steam main consists of 00 ft. of covered and 3 feet of uncovered 
3 inch pipe, and 33 loot of covered and 3-5 feet of uncovered 2 inch pipe. * 
.TJiu condensation per foot length per hour in a 3 inch pipe with j|L 1 1 inch 
cover 'is o • 1 1 lb., and for the same pipe uncovered is 0-79 l,b. For a 
2 inch pipe with a ri inch cover it is 0-08 lb., and uncovered 0-50 lb. 


, The total condensation in the mains is thus: (00 o- u) j 
X 0-79) + (33 k 9 - 08) f (3-5 X q- 5 <>) lb. per hour, i.c. 14-23 lb. 
p^i hour. , t • 

. .The amount delivered by the trap at the end of this pipe (found by* 
measurement} is 6-o lb. per hour. 

.\ the amount* of water condensed in the stcairt mains introduced 
to Jhe variotis parts orf'fhe plant is 1^-23 - *0 — 8-23 Ik. pqr ly/ir. . , . 

The two- driers J arC fed by 42 feet of*i J inch covered pipe ^nd 15 feet 
•of 1 J inch uncovered pipe., * * 
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, The condensation per foot length per hour for inch pipe with 
ij mch cover is o • 065 lb., and for«the samerjsipc uncovered 1^ 0*40 lb. 

.-. Condensation in leads to driers — (42 x o'- 065) + (15 X 0-40) 

' jb. per hour 

— 8-73 lb. per hour. * 

The evaporators are fed by 16 feet of 2 inch covered p^pe and 2 feet 
of 2 inch uncovered pipe. „ 

.•. Condensation in evaporator leads = 16 x 0-08 il- 2 'X 0-56 lb. 

• per hour 
= 2*40 lb. per hoiir. 


Now, the total condensed water delivered frpm drier traps. 406 lb. 
pef hour, and the total condensed water delivered from evaporator traps 
is 212 lb. per hour. , • 

Total steam used per hour in boiling tanks (calculated from assum- 
•aon that 200 bags are treated per hour at a consumption of 1 • ifi lb. 
pej- bag), 232 lb. per hour. , *■ ‘ 

Of Jhe 8 • 23 lb. water condensed in the steam mains and introduced • 
to the various parts of the plant, it is assumed that quantities proportional 
to tlie steam eonsumptioL of the various parts of the plant art* introduced 
to these various parts, i.c. of this 8-73 lb. the quantity received by the* 


driers H>. per hour 

* 

= 4-4^. per hour. 

The quantity received by 


1 hr* r*v;innratnrs 


. \The l/ital amount of steam condensed in the main and leads intro- 
duced into the driers is thus (4-4 -i 8-73) lb. per hour, or 13-13 lb. per 
hour, *und in the case of the evaporators it is (2-3 2-4) lb. per houv, 

or 4-7 lb., per hour. 

These amounts arc deducted from the total amounts condensed in 
thbse two pieces of apparatus, as shown by measurement. ,• 

In the case of the boiling tanks no allowance is macjfi for steam 
condensed in the main and leads, as in this case the estimation th6 
stedm used was not based on the measurement of condensed water. 


From the figures given in the various earlier. parts of this report, 
the net si earn consumption is — * 

In the boiling tank - - - ' ' 1 • 16 lb. per bag* 

In the driers - - - '392-9 lb> per hour. 

In the evaporators - 178*0 lb. per hour. 


Taking the number of bags treated Us 4,000 per $ay, then — 

, „ *Steam consumption in the driei% «= 2 • 36 lb* par bag 
, Steam consumption vi 'tfie evaporators. ^,1-07 lb. per bag 
Total net steam consumption on^the plant = 4- 59 lb. per bag 
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liajidlecf has varied a gooa aeai. 
CS shifirw t^ k g # e avera * e was about 4.000 bags per ddy of 

W8S ^ ^ “ * wa^olnfadv Jbfe 

and dried^bSXfltv 10 raw , ba f. as . the y C()me in. and also of the cleaned 
^,kL + u> var y*c°nsiderably, but the average figures givc'n telow' 
SXrti ta * en . ftS , hem S not very far from the truth. The ivera^ 
ipoistflre per raw bag has been determined in a large number of cases 
a«d on vinous flays, wet and dry, by putting raw bags through the 

£Kf 3E5?r , lhe f n0Unt of earthy matter whteh is 

t& ! h 'f \ beC1 } deter nuned by weighing all collected on the plant 
over^ a period of two days, and noting the total number of bags passing 
through lhe plant in that time., b P K 

. *Lb» 

Average weight of unfinished bag . * - 4-so 

Average weight* of nitre recovered per bag by brushing - i-go . 
* ™ a « B we *f>id of brushed bag entering the boiling tank 3 • To 
Avwage weight of moisture in bag entering boiling tank- »*7o 
Average weight of fibrous or earthy matter deposited ®i*r 
. . bag in the plant - - . -.. 0 -oi 

Average weight oi washed and dried hag and Na% T () 8 1*50 , 

. Amount 01 ^movable nitre per brushed bag - - i*oc) 

•Amoujjt oft lit re recovered per brushed bag4>y*pla*f^ - 0-85 
'• I/o$*oi nitre per bag - - - - 0-24 

lhe average amount of nitre in the washed and dried bifgs is elxmt 
°f , *9 per cent, or 0-104 per bag. Variations in .the treatment of th<* 
did not diminish this, and since the residues of nitre left appeared to 
be constant no matter whether fresh nitre bags or dump bags (which, 
•owing * to exjiosure to the weather, had a lower nitre conJeiTl) weft* 
treated, the suggestion was put forward that nitre was present ip the. 
bags in two forms, one loosely adhering, varying in quantity and 
comparatively easily removed ; tilt* other fixed in some way, proportional 
in quantity to the amount ol fibre 1 present and not easy of removal.* 

Labour. Hie plant is worked with three shifts during the 24 liSurs!** 
the number of girls per shift being ib. 

The work is divided as follows : 


Bag washing plant 


Monthly Report — 4 weeks e 
Boilers working 
Evaporators forking $ 

Driers working 
Centrifugals wording 
Charged. 

“ • 

Unwashed t * -* 4^,965 bags 

F«r rinsing' - ' 3,550 „ 

357-8 lb. string;* * . 

* equivalent tt> *- 381 


tiding 0 a. in. 29 th March 19I8. 

3 Hours working - 449-25 

. - 573-5 

' .. - 405-75 

i .. • .. - 302*75 

Produced. 


Ury.bags 28,14^* 

«. String and fibre 0*6538 Jon * 
Sodium nitrate 2^-6830 tons. 
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o Stocks. 


Unwashed ba^st 

ore. 

Dry bag store. 

T 

• / 

Sodium nitrate. 




Bags. 

String 
& fibre*. 

> 

Tons. 

In stock 

- 3 J 92 

In stock - 

- 5.688 

1*8076 

Stock - nil 

Received f.om TNT 
Received from G.C. 

- 33.808 

Received from plant 28,144 

0*65 jT 

Produced 29*6830 

Total - 

- 37,060 

Total 

Issued to traffic 

- 53 . 83 * 

2*4612 

Total 29*6830 

Issued to plant - 

- 26,965 

Other issues - 

,-12.675 


Issued. 26 *8125 

Stock 

- 10,095 

Stock 

- 21,157 

2.4612 

Stock - 2*8705 

Total 

-37,060 

Total - 

- 33.832 

2* |6l2 

Total 29*6830 

\|, 



L. > — 
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V-hysical data. 

Strength of liquor in store tank - - 45'4P er cent. NaN0 3 

Steam pressure in evaporators - - 4^* 3 m. 

Temperature of liquor leaving evaporators - 84- i° C. 

Tempfcfoiurr bMriers, No. 1 - - - 

Temperature of driers, No. 2- - - 36*3° C.. 

MoistttiC in sodium nitrate produced - 8-24 per cent. 

Sodium nitrate in dry bags produced - 0-0 per cent. 

Sodium nitrate recovered bv brushing - i*37 I( J P el } )a S\-.* 

Dry sodium nitrate recovered by plant - 0*9695 lb. per bag. 

Efficiency of plant - 91 *8 per cent. 

r. charec hand, who is in cliarge of the shift, and who works the 
1 eggs and evaporators. 

X girl bringing in bags to the boilers. 

2 girls in charge ol boiling tanks. 

o girls unloading from the boiling tanks and passing bags through 
« the four troughs 
2 girls in charge of centrifugals. 

2 girjs charging driers. 

2 girls unloading driers. 

Other duties, such as removing scum from the surface of the liquor 
in the Teed tank, cleaning and swilling down the flo6*" and placing nitre 
from the pans on to the draining boards ana into bags, are carried out 
as required by girls taken from the troughs. „ ’ 

The plant is in charge of a shift officer, who is on., diity during the 
day from 9 a.m. to 5 p.m. 

On, page 75 a bag washing plant rejrort, and in Fig. 32„a flow-sheet 
showing fvjiysical ejata, are reproduced. 

Improved practice in bag washing. — -Plant difficulties at one factory, 
together with*an increasing stock of bags to be washed, made necessary 
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a deviation frorp the standard method, aftd these brief notes indicate 
the methocf adopted and conclusion® arrived at with the results for 
six* months from January ist to Jurto 29th, 1918. $ 

Summary of results. — 1. Nitre ba£s are thoroughly brushed at the 
nitre Aed before # delivery to the plant. Over long periods/)! averages t 
•the nit/e content is estimated at i*i lb. per bag, whilst the average 
content^for the six^months is taken as 1*2 lb. per bag. 1 

• 2. Boiljpg tanks have been removed as being unnecessary \or the 
pu^)ose of^effeeftng the solution of the crystallised nitre on the bag. 

3. Solution of nitre is effected by soaking the bags for 5-I0 minutes 
in washing trough No. 1 at a temperature of 7o°-8o° C., demonstrating 
that-ptolopged boiling is.unnecessary. Ileat is supplied by the separated 
steam from the evaporators which had been allowed previously ^to pass • 
out through the roof. . • 

• ,4. Full advantage i^ taken of the sponge-like properties of we^, 

jute in tlje dilution and extraction of nitre. 

t 5. It was*found that it is possible on Urge operations to wash bijgs 
* so that the percentage of nitre retained is less than 1 per coni*, which 
would tqjid*to dis])rove any theory of adsorption, which Jias been "put 
Jorward as the reason of the high nitre content of washed bags. 

6. Eg#s and iiltrf presses have been abandon^ £s yjr*cessary 
since the clarification of the solution is effected by settling. 

7. Evaporation troubles have been classified under two causes- 

(tf) Mechanical, 

(b) Chemical, 


' and tq a great extent eliminated so that no appreciable scaling now # 
in evidence. 

8. All hot condensed water from the driers is returned to the boding 
tanks, so that by preheating the feed water, one Cochran boiler hajj^gn 
aftle to run the whole plant at its present rate of output. 

0. One of the presses has been installed as an improvised baling 

* machine, and all bags are now graded and wired in bales of 50 so that 
1 * coiteiderablc saving of space in storage and transport has been eliecieci. 

io.^lqo^S bags have been washed, dried, and stored during the 
•peViod* which represent an average over the whole period of 1,103 per 

* shift or 138 bags per hour. The nitre recovered over the period was 
86 toils, equivalent to 0-97 lb. per bag showing a loss of 0-23 Jb. per bag 
on the estimated content of J*2 lb., xx. a loss of 19*1 P el ccn • 

4 • #11. A flow diagraSn of the present* process(Fig. 33), together with 
outlines pf £ mcxlef process and a comparative chart oi the nitre conten 
of ‘bags ‘at various stages, are reproduced herewith. 

It appears— • 

• (a) That* a^«implo process has evolved winch the, Averag^ 
forewnan o\ binary intelli^ can manage with a miramuin 
6f supervision. * 
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( 5 ) That it would be possible to consthict.p. plant oapable 
of treating at least double Khe nutnhsf of bags' per shift with less ' 
service vand maintenance changes than in 'the standard type* of 
process previously described. 

t (c) That with very little alteration and expense* all Existing 
standard plants could be converted as shcfvra in Fig. 33, process • 
No. 2. 

* Improved bag-washing plant 

Outlinej of a model bag washing plant. — The bags are w$U brushed 
before being delivered to the plant and now contain an average of i*i lb. 
of nitre mostly in the crystalline state. , • 

, • The first point studied was that \of the method of effecting' the 

solution of the crystallised nitre on the bag. , * 

On Jhe authority of Landolt Bomstein, t^ie dissolving of one gram- 
•■tnolecule of NaN 0 3 in 200 (gram-molecules of water, absorbs 5 kilo-calorie's 
pf # hcat; in the absence of data at greater concentrations this figure 
is taken as a basis of calculations, viz., 200 x 18 grams of water dissolving 1 
85 grams (if NaNO., absorb 5 kilo-calories. 

"One gram of wateC as steam condensing liberates 550 .calories; 
therefore, fof every 85 grams of NaN 0 3 dissolved, < j grams of water a& 
steam aKajjeedgfl^ ' « t 

For every 85 grams of NaN 0 3 recovered from a 50 per cent, solution, 
8$ grams»of water must be evaporated as steam, so that tliAe is available 
the heat of # Sondensation of (85 -9) grams of water as steam for general 
heating purposes over and above that required for the solution of th£ 
nitre. , 0 

According to the standard practice, 50 bags irregularly packed are 
agitated* for 45 minutes at a temperature of io5' j -iio° C. using liVe 
steam fog agitation, and a liquor of 1*37 gravity is obtained which is 
run*to the evaporators. 

"Tfaking absolution of this strength as a basis, it was found thatrif 
bags were dipped loosely with slight agitation at a temperature of 
80 --85 0 C.,the whole of the nitre was in solution after five minutes, and ■ 
any prolonged boiling was unnecessary. . , 

Under plant conditions the bags are allowed ' 10 minutes soaking, 
which if ample for the solution of the nitre. This is demonstrate ^ip < 
tha laboratory experiments mentioned later. 1 

The plant consists of two units of wrought-iron trough, 18 feet long 
X 3«feet wide at top x 2 feet 10 inches high, with a capacity of 91! cubic 
feet, heated by passing the separated steam from the* fvaporators through 
a grid of 3 inch, wrought-iron p?pes fastened to one side of the trfrugh 
so as to promote slight circulation of the liqiiors, 1 any unepndensed 
steam being allowed to escape through the roof by* means of *a <small 

stack . 1 1 

j^Jliis manrfer a temperature of 7o°-8o° C\ is (maintained in these 
troughs^hiltt evaporation i# in progress, and J inch live steaih cohnectjons 
are let intf ^ ie i n A° w pip es to provide heating if at any time no evaporation 
fs taking d! 4 ce - 
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allnJ* 7 *£t lflosely . di PI J8a in the solution in No. i trough and 

So t n fcr 10 mi < tes ‘ and * are the " transferred to dfainfiig 
Sf ? 3^at 70- 15 ® Peat ^ Until thc solutio , n caches a specific gravity 

•waw ^ d \ um u * cd fo r the recovery of the nitre from the hags is , 

conducted to find the best method for eliminating 

nH*K^ tel TA < * 1 f ^ ag af ^ r the solution of the nitre had been attorn- * 
pliSn^d. l^c following table shows averages over a large number of 
bags treated with w^ter in every case : — # 


How treated. 


Wet and undrained 
Wet find drained 
Wet and mangled (liaud) 
Wet* and dTntrifugerl 
•Dry - - 


Average weight 
in lb. * 


9’0 

4'5 

3*5 

2-2 

T *4 


Average* water content 
in lb. 


I'f* 
4*x * 
2*1 
o-8 


* This shows am^gin of about ioo percent, iff favour of flic centrifugal 
machine <jver inangjjjag, allowing for a slightly larger extraction with 
power manges. #1 his means that a bapfllaving an avCKgfc rfttrc content 
°i I “2 lb., aly^ boiling in 45 per cent, nitrate solution (as is the standard 
practice), would contain under similar conditions the following anioiit 
^»f nitre : — i . T 




H<*w treat (‘(1. 


Up washed bag*; 

Vvet and undrained - 
Wet and drained 
Wet and mangled 
WeJ and centrifuged - 


Approximate moisture 
content in !b. 


I 


Per rent, j Approximate nitre potent 
remaining. ! in solution 411 lb. 


K r - 

I'J 5 x 4 •(> — ()*2 ! 

i‘35 4*r - 4-2 

1 \}5 .< 2-1 2*8 ; 
1 ‘35 x o-8 - 10 


1 

100 | 1 •: 

230 I 2-8 

itH) M) 

I05 ! I*jl» 

37 ! °‘45 


•••JfFhis figure depends on the size and speed of the ccntrifijgal used 
and tfme factor. • • 


Burthermore, a^ moist bag from the centrifugal machine when . 
plunged into wate/ immediately absorbs, with a sponge-like afction, 
yat#r up to 4*6 11* ; gtliis iif turn dilutes the strong nitre solution in the- 
bag four* to five times, *md by again cenirifugallin^ reduces the percentage 
of nitre In •tlie*bag«in the same ratio. I 

One hundred grams of dry bag from the nitrate shed were heated 
for 10 minuted at $5° C. in 300 c.c. of water and then centrifugal* The « 
fibje waS again heate<*rtor 10 minute^ at 8$° C. in 3oo§c.c.Jt)f •water and* 
again ^centrifuged. «. TSiis was repeated* a third* time, aftc^whffch the^ 
Jtag was dried, weighed, and thB^niJrate content estimated. 
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Laboratory experiments oy/resh bags* 
' Nitre extracted 


xst boil 
2nd boil 
’ 3rd boil 


Per cent. 

- 50-2 

- 6-3 

- 0-7 


L 


Nitre remaining. 

- — 

Per cent. 

< , «7’34 # 

1-04 

C/-34 


Another 100 grams of dried bag were heated for 10 'minutes at 
85° C., then centrifuged, then washed on the centrifugal whilst standing 
with 100 c.c. of clean water, and again s?nin. This operation was repeated 
three times, the bag weighed, and the nitre; content estimated. 


1st Method. 


2 nd Method. 



Ext rack'd. 

l 1 

Remaining. i 

Extracted. 

i Remaining. 

— 

_ _ i 

• ! • ! 
Percent, i Percent. ! 

P(*r cerft. 

1 

t -* — 

! Per cent. 

TSt WUSlUfc*. , 


■ 

•1 

! ( .V*> 

2 nd wash 

fi-3 

| 

5*2 * 

1 . 0 * f>5 

3j"d wash * 

/ 

o*7 

r* 

°*3*1 ; 

On dry fibre. ; 

c-5 

''*■> 4 : 0*15 

< )n 1 1 r v fihi 

‘ ! 

4J-5 

0-78 

1 

47*2 

<‘\0 


Washing on a centrifugal lias to be (lone when the machin * is ri 
rest or travelling at not more than half speed, otherwise the compression 
i.f Jhe ip dividual fibres is too great to allow of the penetration of the 
wflsjp y/aler On a plant scale as shown in flow diagram of No. 2 process, 
it has been possible to wash bags so that the nitrate content is well below 
1 per cent. 

From these experiments the following washing process was put 
into operation, and during the necessary reconstruction changes, 1 the 
output of the department was maintained as steady as possible .with the 
following cycle : — ^ ' 

Forty bags are dipped into washing trough No. 1, A or U unit, 
allowed to stay there for 10 minutes and then placed on draining board A 1 
or B 1 for 10 minutes, transferred to washing trough No. 2, where they 
remain for 10 minutes, then on to draining botf/cl No. 2 A or B, for 
10 minutes. Twenty » are treated in centrifugal, A o r B, being spun 
for seven minutes and wash* d when starting with approximately 
gallons wash solution from washing vat No. 3. This is to replace 
the s&hitiork carried forward by the bags; all solution from centrifugals 
-returning, dj£ect«to washing* trougtj No. 2. The v i>ags are lcxiscly thrown 
into washing trough >fo. 3, where they remain fo. 10 minutes, and then 
place*} on draining board No. 3, transferred to washing trough No. 4 
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for *ip" minutes and then givwp 10 minuses on (graining board No. 4, 
finally bei»£ spiyl in machines No. g or 4, the solution from which is 
returned to washing irougfWo. 3. •.Cycle of bags as follc^vs : — 

Spaking - - - - 40 minutes. 

Draining - - - - 40 # 

Centrifuging 


- 20 


# Tfius,bags are ready for drying in 100 minutes. When washing v: 
N«. 1, A of B, Uas reached a specific gravity of 1-30 at 70" (\, it is allow 
to settle for one sfoft, and then pumped to Kestner feed supply tanks 
for evapofation. No. r trough is then tilled from No. 2 and 3 from No. 4; 
condensed w'ater from Kestner being ruin into No. es required, and made 
alkaline with soda ash. ^ • # 

•Two of the driers are worked with restricted radiator openings; 
the capacity of thesr i^ obvi/iushf controlh'd by the moisture content 
*of*the bags as they come from the centrifugals. With an oV-uilL spin 
ot aboet 10 minutes, the present machines arc capable of reducing^ he, 
1 water content of 40 bags to 0*56 lb. per bag ; 'but il largtT maebiges \ve?e 
installed this would be materially reduced. However, it wortkf probably 
be cliche* to enlarge and strengthen the Resent driers if additional 
capacity were retpired, since the present type is ratbet* light for tliis 
class of vgork. “Thejimximiim output scalar demanded 1 ms Jjeo»200 bags 
‘ ' ' ' ' machines, which has not overtaxed fli 


per hour f<y thc*lwo mu 


lieir capabilities. 


lOUr llUS^lWU I licit. 1 11 1 Lv cl } WllK U 1ICI3 nui \jvy,n u vuj/uoiiiuw. 

- The ba$Twhcn dry are graded rst, 2nd, and 3rd, and j»cssed ifcto* 
neat bales of 50 and wired. By this means a large oroftQnw </f spjfee 
%s effected in storage and transport. • * 

**. () nc 0 f fhe presses from the dismantled boilers lias been imm^rfised 
*is a baling machine dose to the delivery end of the driers, and thr grader 
iSPirts afid bales as the bags are dried. . ^ 

There an* two independent four-tube Kestner evaporatofc insftdted 
designed to work at steam pressure of T5 lb. These have of 

evaporating tubing of 40-8 square feet ol evaporation surface, and the 
usual vapour separators. • 

There is a large volume of low-pressure vapour separate /1 fromtlhe 
evaporated iiquor, ;fs it is previously pointed out, which has been allowed 
,to # waflie in the standard design of plant, and is available fy heating 
pufpuses. 

However, care must be exercised so that no back pressure is createc 
on tile evaporators which would retard their capacity for evaporation. 
The vapour ly*s been utilised for the following purposes : 

. (1) Ty supply the necessary heat for the solution of th< 

■itreVip’tlip bags hi the primaiyl washing *ats. 

(2) To preheat the solution'll! the evaporator feed tank. 


The vapour i#led»through a tubular condenser ol anifljc di^iensio^ 
which lias large coSenstog surfafts a,fd is .provA-d \fll, wta 
^ draining pipes ^and ir?e atmosuheric uuflel ior all excess ol yJUtair. . 
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As previously stated, scaling of the' evaporators has caused consider- 
able trouble at most factories, aftd may gyoerally be assigned tf two- 
main causes, vi.\ : — 

(«)• Chefhical, 

(b) Mechanical. 

themical. -There appear to be varying quantifies of calcium 
sulphafp, either from the teachings of the nitre collecting in the bags, or 
as weighting material in the fibre of the bags. This material deposits 
on any heating surface, and very quickly reduces the icating efficiency. 

To eliminate this undesirable impurity, soda ash was added to the 
solution in excess of the quantity required to precipitate all the calcium 
-salts (calculated as CaS0 4 ) in solution a?, CaC 0 3 . This appear^ to liave 
minimised the trouble, although it has not completely eliminated the 
scaling; as on examination of the tubes after months’ work, the 
'three top tubes in one se 4 were found to have a ,| inch scale, and the 
corresponding tubes in ti e other had J-inch of scale. Howe’er, this 
Scale was probably the result of deficiency of soda ash due to variations 
in the calcium salt content of the bags, and the analytical method of 
control has been abandoned. From mechanical reasons soda-ash is now 
added to the weak solution in the secondary washing, vats Nos. 3 and 4,. 
which a*s kept* distinctly alkaline,, and the evapo-c tors' are washed out 
daily with strong ash solution, it is anticipated that in this' manner 
'tin evapo-ators will keep entirely free of this calcium scale. 

* , The calcium carbonate so formed settles with tin* dirt and may be 
Hiw.,*d on; the sddium sulphate is deposited probably as a mixture] 
of crystals with the sodium nitrate. The system sodium nitrate 
.sodiurii sulphate- sodium chloride has not been worked out exactly, 
but a 1 few figures may be given. A cold saturated solution of crude 
nitr**, crystallising at 16' C. may contain 43 per cent, of NaN() 3 , 3-5 per 
cent^^of Na 2 S 0 4 , and 4-0 per cent, of NaCl. As the NaCl increases, 
tlte- Na£S 0 4 is eliminated, so that there is usually obtained a cold sat uratell 
solution at i()° C. containing 3Q per cent, of NaNO ;l , 1*5 per cent, of 
N? 2 S 0 4 , and 8-4 per cent, of NaCl. The maximum (S() 4 ) calculated as 
Nfi 2 S() 4 found so far in recovered nitrate is 1-5 per cent., but the average 
content is about o-8 per cent., representing roughly the addition of 
14 lb. ofj ash per 100 bags treated. In factories which object to addjiyf 
asli* to the solutions owing to the presence of sodium sulphate in the 
nitre, the washing out and soaking in ash solution of the evaporators would 
be sufficient provided the rate of flow was maintained througn the 
•evaporators by either of the methods mentioned late* - under mechanical 
running. - 

Mechanical. —The average t mperature of feed liquon, afier dilution 
with return mother-liquor from ‘crystallising pans, is about 50° C., and 
the inctjal boiling point is 108° C., with a final boiling-poirA at a concen- 
tration \>t F’5 specific gravity of 115 0 C. Tints represents, therefore, 
a tota*f he? 3 ng range oS (115 0 - ^ 65° C., and an evaporating ra^ige 

ctf 7 0 <- *■ 
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The-steaA.p S essurc used averages 45 4 b., with a saturation tempera- 
*45 t..#so that ^ margin of difference from out-going limioi 


& C. 


going liquor 


is (145° - X 1 5 °) „ 

.. from, these. figures it is evidenf that too mucrCas been asked of 
these small heating surfaces, and cAisequently the rate of flowrfor high# 
saturations Ras had to be materially reduced. Using them thus, as 
independent uaifs* has materially -aided in the mechanical scalmir bv 
ftason of^he velqfity of liquor. % y 

• If the stafidju-d method of operating were to be made efficient, »at 
least onq, six -tube •vaporator should be installed to allow of#a good flow 
of liquor. There are, however, alternative, methods of working the 
present evaporators to effect similar resftlts, for example, as follows : 



the rati 1 of flow is at least 30 cubic feet per l«mr instead of 10 oubiejeit* 
per hour as in standard practice. • - . ^ 

'Hie method now in use is a double circulation methdtl*by jvhicli 
all the*licfuors are daily circulated through ^lie evaporators unj.1T the . 
whole of the £pnc%itratcd liquor reaches a specific gravity of i-48*at 
qo° C., .aiid then iiiffflly run to the «r\^alllsing traytea^s^ciRf gravity 
•1-50 at running at the rate of about 30 cubic feet per hour. 

this means it is possible to obtain a yield of 4 to 6 cwte. of ntre 
,per tray, so that per 8 hour shift it would be possible t Recover f^n 
8 to 1 2 rwts. of the nitre, allowing from i to 2 hours for 
iir«asli solution and washing out. It is found that with the ™^enl 
^recovery of io to 15 cwts. per day it is possible to close d<mv th’g 
wapoftitors for eight hours for soaking when only working (ft ic U hour 
shift on bag washing. % • W # 

W ith the elimination of the boilers the further use of the blowing 
tiggs was unnecessary, and these have been removed. The aESrent 



varying with the depth and density of solution, the clear liquid may be 
fc&'uanxod off by means of a tap about 4 inches from the bottom and 
the Sbttled mud periodically cleaned out, so that by alternately losing 
tin* two primary solution troughs, first as solution tank, and then as 
settling tank, the ijeed for filter presses has been eliminated, audit has 
been found necessary to chjan out each primary vat only once per week. 
• 15 \ # thi$ method, till solutions run t| the evaporators are remarkably 
clear agd jn<# fmiling f>i the solution takes place, ^consequently the colour 
of the’erys inf recovered is generally g<|>d, and it is only found necessary 
to dispose of •the residual mother-liquors once in two or three months. 

The flow* diagmmiFig. .-y) is drawn up on different liAes Jfffin that 
oifc Fig. *52 fftr period March i2tli to «jtli, afld shews thfc baJLvPhic^ is 
subject of t reat inert t*,\t .the varying stages during the procesW washing 
' under standard jiractiee, and irly>rvved prac tice No. # 1 ancPNo. & 

X 16092 
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Process No. i is the one described abov^.and is tlig one' wliicb.fan 
most economically be worked with the present plant lay-out. It was 
intended to have a oower mangle installed instead of a draining board 
between washing troughs Nos. i and 2, but this has not been posrible, 
'so ttyat washing on the centrifugal ^nachine before , compression of the 
fibre fakes place has been installer* as a compensation. Of the two 
centrifugal machines used, the steam driven has been the most useful. ( 

The result of a week’s working of the improved prqgess’are givep 
befow : — 

No. of bags washed - - 10,146 

Weight of NaN(.) 3 recovered - 12,452 lb. dry. 

( Average weight recovered per bag 

Average weight of brushed bag f l NaNO a -f HjO - - 3’ 43 lb. 

There is 25-8 per cent. II a O in a brushed bag. 

-Weight of NaN 0 3 in bashed bag charged 

• v * ■»* 3-43 lb. -25-8 per cent. — weight of dry bag. 

- 3'43 h). — 0 • 88, lb. — weight of dry bag. 

« Average weight of dry 'bag — 1-43 lb. -(moisture »i- NaNO, content). 
■ Moisture. -,io- 8 per cent. 

1 ■ 98 per cent. 


1 • 23 lb. per bag. 


NaN() 3 content -- 


12-78 

ft- JilCe average weight of dry bag --1-43 lb.- 12-78 per cent. 

. '\_ ‘ 1-25 lb. 

.*. Na§|D a charged per brushed bag = 3-43 - o-8S -1-25 

1 -30 lb. 

• r . , Amount of NaNO, recovered X 100 

hihciencv of plant — 

Amount of soda charged 

1-23 X 100 . 

= - - per cent. 

1 30 1 

— 94-6 per cent. 


Cost ok running nitre bag-washing plant 
Standard Practice. 

[telow are given some actual costs fof the 'five weeks ending 
1st June 1918, together with the .-corresponding fig' ires for the prev-pus^ 
month. v , 

p 

Washed bags produced - - ® 40,874 

Citrc recovered : - r 

By pT. ut ) 17-3* tons, or 0-022 lb. jicr hag 
Bv ^rusliitty- 22 *57 tons, or 1-198 lb. jrr bag 


Pri-viou* inohtli‘. <- 
4 ‘>. 35 8 

i3*u7,^ons, or 0-835 lb. per bag. 
25-26 tons, or 1-593 lb. per baf. 


Tota< 39*92 tons, or 2*T2o lb. perbaj* ' 


38*33 tons, ,or V428 lb. per bag, 
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\ost P<K 1,000 bags. 



V 


j Com of 
production. 


(a) Plant officers - 

(b) Ojfrrative wages (j()* 2 optative*,) 

(r) Overtime allowances (lime and half) 

v W Var<J and traffic 
SUatn ana steam power (tf,nj$ ions ol Jlal) 
Plctht general expenses 
(a) Plant stores 
h) Clothing 

vr) Shift house and mess room • - 
Maintenance of J>/anl and process hmldin^s 
(a) Materials - 

(h) Wages - - - - • . 

(c) On (shops and salaries) 


5 «»-2i7 * 


1 M.| L »(, 


•- 5 -725 
7 l - 

Jo* 


f 


PlVS(‘Jll 

PjfVHMlS 

ptliiul. 

: # perin<l. 

- 

' * \ J 

f 

% 


• 

1 - JJ(J 

#. o-Nnj 

5 * N< j 8 

h ‘4J5 

u-jJo 

1 <»*43^ 

- 

1 n*f»i(i 

4*;jo 

a-rV; i 


• 




efflir 


* • 


» * \ 

'/■our 

t ‘75^ 

./• M '7 ^ 1 

.;*-ho 

(t*Soo 


... 

■- — • - • — 

24*4.51 

V«57 


Hence flic cost for llu- month ol Mav is 1 0-01115 ,*. r ba<- lo j 
. 468 d. per hag; and the cost tor the month ol April is^o-oi sKt>”V T 
“bag, or 3-8061/. per hag. , * 1 • 

* Washed bags are divided into three eategoiies, known resi 
^as sound, slit, and ragged; the proportion oi these that come 
are ve*y approximately as follows : - * 

60 per cent, sound, 30 pel cent, slil, 1 per cent, ragged. 

Taking sound bags as being worth 4^/. each, slit hags as beifl|?W*th 
0 d. each, and ragged bags as being worth U )-*5 per ton of i,.|oo Nags, 
the average value of a washed bag rnighl be taken as .* 

60 per cent, of 4 * 5c/. 30 per cent, ol ;</. ■ 1 peiO'^nt. 

0-25 X 24(><C, i.e. 2 -jod. j , o- 01 hr/., or 5-8861/. 

r " • 

1400 

At a time when the above wen* the values oi sound, slit, and ragged 
washed bags, an unwashed bag could be sold for Hence the value ol 
the bag may be taKen as having been increased by i • 8<S0r/. by washing. 

. *’The value o 5 fl r et nitre in Mat 7 ic^icS was f 22 m qiy per -ton, ot 

2 45^v J> e £ It* • * * 

•This gives 5*194*/. as the value i.itre recovered per bag in May, 
and 5-949*/. «as the value of nitre recovered per bag in April; i.c., the 
profit on the^plantjwas : — % 

* In*May ( 5*194 + 1 * 886 )*/.^ 3 * 468 */., pr ybV2d.*$cT 
In April (5*^49 + 1 * 880 )*/. — ^^obrf., or 4-029*/. pwbag 

This, of course, make£no ^lotvanee ^for amortisation. 
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Improve practice.,. : 

. ,* /#* 

For the inith'l working Qf the improved practic&^aunng a perioa oi 
six months when 199,075 bags wei% treated, and the r.ecoveiy of nitre 
|per bag Was 0-97 lb., the working coils were as follows :-r- 
r ‘ }( s. d. ’• d. 


Power and light 

Steam 

Wages 

Maintenance - 


73 T 3 
626 19 
1,078 12 
140 9 


5 
9 

I 

6 


* 0 '' 69 P«r Oiig. 

c-7p < 

/•3 

/ o-i7 , t 


I.9I9 9 , 2-32 .... 

This' includes the wages of a forewoman end 16 women workers, 
\yitli the fell salary of a chemist. T$£s last item Would be unnecessary, _ 
h(WeV&* when once ,the pitocess washi running order; and the labour, 
'cfb,«would be reduced. f. . . . *• * 

*•- The 'nitre recovered per bag is ’that t recovered on the hag-washing 
phnt*only, the bags being , brushed in the pitre shed before delivery to 
. thg plant. f \ tv 4 . 

Cost of alterations to plant made, 1 ttt order that *ihejpractice might 
be modified are^?l«f- included. ■ ?■ ■ ' ■ ^ • «■ 

, These figures are sufficientt^^^^t a mtr& brig-washing plant 
cajl berat at a considerable brdfif f^ere there are a large number of 
Jiags tp.be tijehted. 

«**««• 


under the authority of His Majesty’s $Tk&ONXAY Ottw 
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By Eyre anil Spotti^woodof Lid., East Han 
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